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This study ~as inspected by the Quaiity Assurance Unit and reports were
sutmitted to management and the study director as follows:
Phase Date ®
Protocol Review 12/4/89
Body Temperatures, physical examinations, T8 test 12/15/90
Hematology/clinical chemistry, AChE baselines 12/26/90 »
Scman dilution 3/8/90
Atropine aliquoting 3/16/90
Body weights, HI-6 and MMB-4 dose solution
preparations, syringe loading and weighing, do'mg . ®
with GD and treatment with atropine followed by
H1-6 or MMB-3; clinical observations 4/17/90
Analysis of HI-6 and MMB-4 dosing solutions used
on $/17/90 4/18/90
Audit-chemistry data 6/8, 6/22, and 7/26/90 ® {
Audit-study recard books ‘ 10/11/90
Audit-Draft Final Report 12/14/%0
»
Report to study director and management: /8, 7/26, 1C/11, and 12/14/90 »
To the best of my knowledge the methods described were the methods followed
and the data presented accurately represent data generated during the study.
e ’
- —:r e PR -ow .
Quaiity Assurance Umit Qate
Healtn and Environment Group
»
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TASK 89-12:  CHARAZTERIZATICN CF SCMAN TOXICITY IN ATRCPINE
AND OXIME (HI-8 AND MMB-4) TREATED RKESUS MCNKEYS

1.0 [NTRCOUCTICH

There is a need for improved anticdotes, specifically oximes, for
treatmant of human beings exposed to organophosphorus (0?) chemical warfare
agents. Although pralidoxime chloride (2-PAM), the standard therapeutic
oxime, is reportadly effective for treating exposure to the nerve agents sarin
(GB) and VX, it is only a marginally effective treatment for exposure to soman
(GD) and tabun (GA). HI-6 and MMB-4 are two oximes most likely to be
deveicgcad over the next year as raplacements for 2-PAM. The decision whether
to use 2ithar of these oximes as a replacement for 2-PAM is critically
depencaent on the demonstration of improved efficacy against GD intoxicatic. in
studies with nonhuman primates. The objective of this task was to
characterize in rhesus monk'ys the toxicity, based on lethality, morbidity,
and pathology, of GD when axposure was followed oy treatment with atropine and
either of the two test oximes, HI-6 or MMB-4. Treatments were administered at
1 min after GD injection using a demonstrated efficacious dose of atropine of
0.4 mg atropine free base per kilogram cf body weight‘'’ and 100 umol of
either candidate oxime per kilogram of bedy weight. The study was performed
at Battelle's Medical Research and Evaluaticn Facility {MREF).

XPERIMENTA GN

2.1 Test Animals

Male rhesus monkeys, Macaca mylatta, of Chinese origin and supplied
by the U.S. Army Medical Research Institute of Chemical Defense (USAMRICD)
were used in this study because there is considerable scientific evidence that
the responses of monkeys are predictive of responses in man. Monkeys weighed
between 4 and 7 kg and were housed individually in stainless-steel cages
apprcximately 24 inches wide, 34 inches high, and 26 inches deep. Room
te=siriturar were maintained at 63-80 F and relative humidity at
30-73 zarcent. (A small number of excursions outside these ranges occurrad.

Cad

Recsris are con file at the MREF.) Fluorescent lighting on a light/dark cycle




2% 12 mr each per 4ay ~as used. Purina Certified Moniey Chea® biscuits amen

frute taie

Fad taice faily and supplerented with locally purchased frash
acon., Chenizal analyses of certified feeds are a.ailatle from Puriea,

Watar 238 sucoiied from the Sattelle west Jeffersen water 5System ing 1,20
1) izitum tnrough autcmatic aatering systems. water is 3”313:9: tor cremylat
irzurities annually ana for potability quarterly. ‘lio contaminants that culd
intarfare with the rasults of the study are kncan to be present in the fo3t ar
adtar, '

All animais arrived with tattcos so that positive identificalicn
csuld Se maintained. Monkoys w~ere maintained in guarantine for a minimum oY
1 ronth, during which time they were examined by the stuc: veterimarian in!
blczz samples were taken fcr hematology and serum chemistry analysas.  Fecil
sarnles aere taken for gastrcintestinal parasite infestation evaluation, an!
thre2 tuberculin tests were performed at approximately 2 week intervals.
Based upon results of physical examinations and clinical laboratory findings,
all monkeys were found to be acceptable for study. Monkeys were randcmi:ed,
based on body weight, into a group of five animals for a GD 48-hr LD,
determination and 30 animals for efficacy testing (20 in each oxime treatment
groun) to obtain group homcgeneity of weight, as possible, across phases and
stages of the experiment. Monkeys were placed on slotted, V-shaped platfcr—s
ta cbtain body weights and blood samples (femoral vedipuncture), ang fer
injzction of GD and treatment compounds.

2.2 Materials and Methods

2.2.1 Chemistry

Atropine in citrate buffer (RU7134, BLO7733) «as supplied by
USAMRICD. verification of identity and analysis of concentration of this lo¢
of atropine had been accomplished previously by SRI Internationral.?
Chemical verificaticn and conceniration analysis of atrcpine was .1s:
107, rolished at the MREF using high performance ligquid chrematejrichy, (70
“PET SCP-39-53). GO was supplied by USAMRICD. Purity of GD stored at
1le is geriscically cenfirmed by Battelle chemists. For animal u=iie: o
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v rovmal 1.2 w3 of GO per mL of physiologic saline soluticn «as

Touots ar2 stored in 10-mL and 20-mL serum vils at

~

T2 0. Aftar preparation, ¢3s chrematcgrapghic analyses of
sty ostooa solution aere accemplished, and after each losing tay
tme 2osing aliguots eere analyzed (MREF SOP-83-31).
ra otast caimes, 3.3 (1,1'-methylene-bis[4-(hydrocyimincmethy 1)

tioniorize; BM03376, wR239, 943AH) and HI-6 (1-2-

motmy lelepyriding-3-(d-carbamoyl-1-pyridino)-2-oxaeprepn2

2473232, WRZG, 635AH) aere supplied in soiid form by USAMAICD. ]

Dottt ol opurel, Confirmations of test o«imes were not performal at

(n o=acn 22y of efficacy testing, a HI-6 (M4 373) in aater soluticn

L1 oeeTirsd a0 g concentr.tion of 373 mg/mL, and a MMB-d (MW 32%) in sater

R

An 2stimate of the GD 48-hr LD;, in this population of monkeys given

7 ads pracared gt a concentration of 329 mg/mL so that treatments could ,
cooarmiaisterad gt Gl mL/kg to deliver 100 umol/kg of either test oxime.

2.2.2 GD LD, Studies

1y treatTent ads established, This was accomplished in an up-down type

szeriment S challenging one monkey a day with a dose depencent upon

ras.'ts frem crevious days. Doses of GD used were selected by the study

statistician in order to estimate the 48-hr LDy, most efficiently. The )
estirate of the GO LDy, was used to predict protective ratios (PRs; LDy of

treitad animals/LD;, of untreated animals) for each treatment regimen.

[S
~J

2.2.3 Oxime Efficacy Studies

’
To test treatment efficacy of HI-6 and MMB-4 given in conjunction
aith 5.4 my/kg atropine free base, two weight-homogenized groups of monkeys
w2r2 e3tablished for dosing purposes. A stagewise strategy w~as used to
211 0t 33 72528 10 the experimental design. Using doses of GU recormranied ]
tme study statistician, groups of equal numbers of monkeys aere challengad
aite 35 and treated aith atropine and 100 umol of either HI-5 or MME-J o L
fooaaignt L oain ofter 3D injection, Monkey body weijhts taken sithin
»
>
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23 hr of GD injection were used to calculate volumes of GD and treatment
ca=pcunds to be administered. Hair over the calf of the righf leg and over
tha unterior laterai aspect of the left leg was clipped and injection sites
delineated with a permanent-ink marker. Monkeys were given G0 intrémuscular]y
(IM) in the gastrocnamius ruscle of the right leg. GD dosing was accomplished
with monkeys restrained on a platform and within a hood approved for the use
of highiy hazardous material. After decontamination of the skin at the IM
dosing site using ethanol followed by a hypochlorite solution and then water,
monkeys were removed from the hood and at 1 min following GD injection were
given atropine and eithar H[-5 or MMB-4 in succession in the anterior lateral
area of the left thigh in the region of the vastus lateralis muscle.

Treatment injection sites were separated by 2-3 cm. Twenty-five gauge,
5,8-inch needles were used fo~ all IM injections. Syringes used for dosing
were Hamilton (Reno, NV) microliter syringes of the smallest compatible volume
(Syringes are filled to no more than 95 percent of labeled volume.) to obtain
maximum accuracy in delivered Jose. Individual, Tabeled syringes were loaded
with the calculated volumes of GD prior to the start of dosing, weighed, and
piaced on ice until used. After dosing was completed, syringes were weighed
again to determine weight losses and calculate the amount actually delivered.
$yringes used for injectron of atropine, HI-6, and MMB-4 were also weighed
both before and after treatments were injected. On every day of dosing,
solutions of HI-6 and MM8-4 made up that morning and used to treat monkeys
were sampled for chemical analysis to_confirm desired concentrationé (MREF
SCP-89-64). ,
Monkeys were returned to individual cages after treatments had been
completed, and were closely and continucusly observed for the first 4 hr

'followjng dosing and at intervals thereafter with observations annotated at 6,

8, 12, 24, 36, and 45 hr and daily thereafter to the seventh day. Signs
specifically monitored included muscle fasciculations, tremors, convulsions,
prostration, salivation/bronchial discharge, miosis/mydriasis, uncoordinated
mavevents. and death. ’ ’
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2.2.3 Patholoay

Mcnkeys that died prior to 48 hr in both the GD LDy, and cxime
treatment efficacy phases of the study underwent necropsies performed by an
exparienced veterinary pathologist and gross lesions were reccrded. Monkeys
ahich survived for 48 hr but were in moribund condition were anesthetized,
tissues perfusion-fixed, necropsies performed, and tissue samples taken for
histopathologic evaluation. 'Following necropsy, all animal remains aere

incinerated.

2.2.5 Statistical Analyses

An up-down approach was used to estimate the 48-hr GD LD, in
untreated monkeys. Based on historic information on the slope of the
GD dose-lethal response curve and probit analyses of data as they were
obtained, the best doses for challenging succeeding animals were selected in
order to estimate most efficiently the 48-hr GD LD, in the present population
of monkeys. The experiment was desigried to use a maximum of five monkeys to
estimate the I8-hr GD LD, dut, if, after two or mora monkeys had been
challenged, the estimate¢ L0, feil within the 95 percent confidence limits of
Batteile's ‘historic rhesus monkey 48-hr GO LD;,, that historic LDy, value would
be accepted as the approximate LD, in the present population of'monkeys and
further experimentation for determination of the LD, would not be
accomplished.

) Based upon required sample size analyses to estimate the minimum
number of animals needed to provide definitive informatior on PRs, 20 monkeys
were allocated to each of the two treatment oxime/atrooine therapies. I[f
fewcr animals were needed to demonstrate a PR significantly greater
(z of 0.05) than the historic atropine/2-PAM PR {approximately 1.7) and a
survival rate of at least 84 percent at 2 X 48-hr GD LDy,, experimentaticn
wcul! cease, If it Lecame apparent after at least five monkeys had been
chalienged and treated with each regimen that a PR of at least 2.5 was nct

"being approximated, further guidance from the USAMRICD Task Area Manager (TaM)

~Cui1 te sousght.
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Doses of GD were selected by the study statistician to best estimate
the LD;, and slope of the dose-response curve in treated monkeys. Animals
were to be dosed in groups with equal numbers of monkeys in each treatment
group per dosing day unless sufficient information was obtained for one
treatment regimen but not the other. From the information obtained, probit
analyses were performed and estimates made of the 48-hr LDy, LD,,, and LDy,
values in tieated monkeys. PRs were also calculated. Signs of GO
intoxication were siatistically analyzed, as feasible, to determine any
differences in treatment efficacy.

3.0 RESULTS
3.1 Chemistry

The stock solution of GD in physiologic saline prepared for dosing
monkeys in Task 89-12 was analyzed and concentration was determined to be
1.24 mg/mL. The average anilyzed concentration of daily dosing aliquots used
in LDy, and efficacy experiments was within 10 percent of this 1.24 mg/mL
concentration (1.14 mg/mL with a standard deviation of 0.04). This slight
decrease in concentration may he due to degradation of the dosing solution
du%ing the time it was held on ice while dosing of animals was being
accompiished or during rethawing prior to chemical analysis.

Concentration of atropine free base, as determined by SRI, was
2.5 mg/mL, and this concentration was used to calculate volumes of atropine
solution for injection in monkeys. The average of two analyses for atropine
froe base concentration performed at the MREF was 2.33 mg/mL. [f the true
concentration cof atropine free base was 2.33 mg/mL rather than the 2.5 mg/mL
used to calculate injection volumes, the result would be treatments with
0.37 mg/kg rather than the 0.4 mg/kg target dose of atropine free base.

Analyses of HI-6 and MMB-4 solutions used for treating monkeys
demonstrated concentrations within 5 percent Jf target concentrations.

HI-6 at a concentration of 378 mg per mL of water went into soiution rather
slowly and required vortex mixing or sonication to speed the dissolution
process. Once in solution, HI-6 remained in solution even if refrigerated.
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3 MM3-4 readily went into solution at 329 mg per mL of water, but would »
pracipitate if solutions were refrigerated or were left standing at room
a temperature for more than a few hours.
I 3.2 GD (D, Studies »

Q - An up-down type approach was conducted to estimate the 48-hr GO LDy,

in untreated monkeys of this papulation. On separate days, five monkeys were
injected IM with various doses of GO based on estimates of the GO LDg, and »
slope of GO dosa-lethal response curves of previous experiments and based on
results, as obtained, in this population of monkeys. Because of results
obtained in efficacy phases of this study, four additional monkeys were
injected with GD and given no treatment. Results of D LD, testing are
presented in Section 3.5, Statistics.

xime EFfi ud i

On the first day of oxime efficacy testing, eight monkeys were given [
various doses of GD and four were treated with atropine and MMB-4 and four
were treated with atropine and Hlfé. A week later, eight additicnal monkeys
were treated similarly using GD doses selected by the sfudy statisctician and

II based on results from the first day of testing. Analyses of the data at this i

time demonstrated that neither treatment was achieving a PR of 2.5, and, as

stated in the protocol, the USAMRICD TAM was notified of these results. The

decision was made to perform one more day of similar testing to confirm

results, and this was accomplished approximately ] month following the

second day of testing. On the fourth and final day of efficacy testing, four ®
monkeys were challenged with various doses of GD and treated with

atropine/HI-6, and, because MMB-4 had proven ineffectual, four additional

monkeys were injected with GO and given no therapy in an effort to more

accurately define the GO LDy, in untreated animals. The results of oxime ° »
efficacy testing are presented and discussed in Section 3.5, Statistics.
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3.4 Pathology

Twenty-five rhesus monkeys were necropsied: sevan had been given GD
with no theraps; seven were given :MB-4 as part of the therapy regimen; and
11 were given H[-6. Twenty-two of these monkeys received gross necropsies
only, with no tissues saved for microscopic examination. Three monkeys which
received no treatment but survived more than 48 hr after CD challenge were
euthanatized in moribund condition. For these three animals, pentobarbital
sodium was given intravenously to induce a deep plane of anesthesia. All
tissues were than perfused via cannula with heparinized saline followed hy
10 percent neutral buffered formalin. Samples of the following tissues were
collected and post-fixed by immersion in 10 percent neutral buffered formalin:
brain, spinal cord, heart, kidneys, liver, lungs, ileum, stomach, diaphragm
with phrenic nerve, biceps muscle, (forearm) common Jigital extensor muscle,
ulnar nerve, radial nerve, brachial plexus, distal sciatic nerve, pituitary,
adrenal glands, and gross lesions (when present). Left eyes were also
collected, but post-fixed by immersion in Bouin's solution.

Results of the gross and, when applicable, microscopic examinations
are presented in Appendix C. Im all cases, necropsy results were compatible
with death or moribund condition duz to GD intoxication. Usually no gross
morpholog:ic changes were detected. Neither Hi-6 nor MMB-4 therapy appeared to
alter the gross appearance of organs or tissues from that seen in monkeys
exposed to GD alone.

Gross lesions which couid be attributed to GD included epicardial
and thymic hemorrhage seen in a few monkeys. Brain/meningeal congestion
and/or hemorrhage was present in several monkeys; whether this is a primary
effect of GD intoxication is uncertain since cranial trauma caused by
GD-induced convulsions could 2asily have caused these lesions. A number of
monkeys had acute hemorrhage of cranial /temporalis) muscles, presumably
caused by trauma suffered during convulsions, One monkey had yellow/green
feam in the bronchi which was suggestive of terminal aspiration of stomach
contants. All other lesions found at necropsy were incidental to GD (or
therapy) injection,
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Tissues saved from the three monkeys (89-1582, 89-1600, and 89-1533)
which received no fherapy were trimmed for targeted sites, cut at 5 microns,
stainad vith hematoxylin and eosin, and examined microscopically. Targeted
tissue sections ‘ncluded the following organs, tissues, and/or sites:

eye
brain
frontal, entorrhinal, parietal/occipital cortex
amygdaloid and caudate nuclei
hippocampus ’
thalamus
midbrain
pons
medulla
cerebellum
olfactory bulb (when present)
pituitary
spinal cord (three sections)
peripheral nerve (sciatic, brachial plexus, ulnar, radial, phrenic),
adrenal gland
liver
kidney
lung
ileum
stomach
diaphragm
muscle (biceps, common digital extensor)
heart /SA node, left ventricle, ventricular septum, left atrium,
bundle of His).

Significant neuropathé!dgy was found in all three morkeys. This
consisted of minimal to severe (dependin§ upon animal and brain region)
neuronal necrosis in most sections of the cerebrum. Cerebellum, medulla,
spinal cord, and peripheral nerves were essentially normal. Neuropathology,
identical to the so-called "ischemic cell change,” was interpreted to have
been caused by GD and resulted in the moribund state prior ta euthanasia.

A1l three monkeys also had scattered areas of skeletal muscle
necrosis. These lesions consisted of degeneration and frank mineralization of
isolated myofibrils. The presence of the mineralizaticn suggests that the
skeletal muscle injury had occurred a couple of days prior to death
(presumably during or associated with convulsive activity). One monkey (89-
16C0) had minimal cardiac myocyte degeneration as well.

Two monkeys (89-1582 and 89-1638) had evidence of hepatic fatty
changes suggestive of starvation (excessive release of free fatty acids from
adipose tissue). This has been seen previously in moribund animals, and
aggear; to be more an indication of aﬁtereq metabolic state and moriburdity

& ofa
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than a GD-specific toxic effect. One monkey (89-1538) had evidence of mild
renal tubular necrosis, presumably related to its moribund state and poor
tissua perfusion prior to euthanasia. All other lesions found microscapically
appeared incidental in nature and unrelated to GD exposure.

Statisti

The study was conducted in two phases. In phase I, a modified
up-down type experiment, challenging one monkey per day, was conducted to
provide an estimate of the 43-hr GD LDy, in untreated monkeys. In phase II,
experiments wera carried out to estimate GD dose-lethality response relations
for animzls treated with atropine (0.4 mg/kg body weight) and either H[-6 or
MMB-4 (100 umol/kg body weight). Since no more than 20 monkeys were to be
tested in either treatment group, it was essential that animals be tested at
doses representing appropriate regions of the unknown dose-response curve.
Therefore, a stagewise adaptive dose allocation strategy was used to select GD
doses. :

In addition to ihvestigating the effect of GD dose on lethality,
each animal was monitored for clinical signs of GD intoxication following
injection of the GD dose. The objective of the analyses of clinical signs
data was to detérmine if there were statistically significant differences in
onset andyor duration of subletha1‘respoasés for GO intoxicated monkeys
treated with atropine and either dl-6 or MMB-4.

The results of statistical analyses used in this study rely on a
number of assumptions. [t was assumed that the probit model, with no
background lethality, provided a reasonable approximation to the
GO dose-lethality response relationship, at least between the 10th and 90th
percentiles. It was also assumed that the slopes of the dose-response -
relationskips for untreated, HI-6 treated, and MMB-4 treated monkeys from
Task 89-12 could be approximated by a single slope. It was further assumed
that the monkeys were drawn from a single population with no drift fn response
over time. The absence of a time drift in response permits the use of a
stagewise dose allocation strategy, as opposed to testing all the animals
simultaneously.

All oxime treatments were given in conjunction with 0.4 mg atropine
free base per'kg of animal body weight. For the sake of brevity and ease in
prazectirg results, symbols are used for the varicus treatments.

a0 2
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Atropine/2-PAM tharapy is abbreviated 2-PAM, atropine/MMB8-4 is MM3-4. and
atropina/HI-98 is Hl-a.

3.5.] Analysis of 48-Hr lethality Data

The combined data from Task 89-12, from untreateg monkeys o7
Task 85-18 of a previous contract, from monkeys treated with atropine and

‘ZfPAM in Task 85-18, and from untreated monkeys of Task 87-34 of a previous

contract were used to estimate 48-hr GD LDs,s for untreated monkeys and
monkeys treated with either MMB-4, H[-§, or 2-PAM. Llethality results for each
group of monkeys are presented in Table 1. A probit dose-response model in
103 GD dose was fitted to the 48-hr lethality results for six groups of
monkeys: 85-18/untreated, 87-34/untreated, 89-12/untreated, 89-12/MMB-4,
89-12/HI-6, and 85-18/2-PAM. This model assumed that the GD dose-lethal
response relations for the six groups of monkeys had a ccmmon slope but
different intercepts. The historical data from Task 87-34 was included to
increase the precision of the slope estimate, thereby increasing the precision
of the 48-hr GO LD, estimates for MMB-4, HI-6, and 2-PAM. Parameter
estimates and results from fitting the common slope model to the 48-hr
lethality data are summarized in Table 2. The estimate of the common slope is
11.42 with a standard deviation of 2.20. Based on the common slope model, the
predicted lethality rate at 48 hr versus GD dose was plotted for untreated
monkeys and for monkeys treated with MMB-4 or HI-6 in Task 89-12 and are
presented in Figure 1. '

In addition to fitting a common slope model to the combined 48-hr
lethality data from the six groups of monkeys, separate probit models were
fitted to each group. A hypothesis test of the adequacy of the common slope
assumption was performed by comparing the fits from the common slope and
separaté slopes models. Based on the results of a log-likelihood ratio test,
the null hypothesis of a common slope for the six groups of monkeys was not
rejected at the § percent significance level. While this does not prove that
the common slope assumption is correct, it does show that there is no evidence
in the data contrary to the common slope assumption,

The estimated parameters from the common slope model were used to
calculate the 48-hr GO LD, , D¢y, and LD, for each group of monkeys. Table 3
displays the estimated percentiles of the dose-response models for each group
of mcnkeys. There are slight ciffzrencas frem greviously reported LO..s for

™y Y

Y
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TABLE 1. 10-HR AND 38-HR LETHALITY, AND TIMES TO DEATH FOR SIX
GROUPS OF MONKEYS: 65-18/UNTREATED, 87.34/UNTREATED,
89-12/UNTREATED, 89-12/MMB-4, 89-12/HI-6, 85-13/2-PAM

Body Actual Time to
Animal  Weight GD Dose 48-Hr 10-Hr  Death®
Task Treatment 1D (kg) (sg/kg)  Lethality Lethality (min)
85-18 Untreated 246D 3.70 4.60 Lived Lived .
85-18 Untreated 2YW 4.20 5.40 Lived Lived .
85-18 Untreated 966C 4.20 6.50 Lived Lived .
85-18 Untreated 0274 4.90 7.40 Lived Lived .
85-18 Untreated (€390 5.80 7.60 Lived Lived .
85-18 Untreated 0410 4.30 9.30 Lived Lived .
85-18 Untreated 4GA 2.80 9.70 Lived Lived .
85-18 Untreated 4EA 3.9 11.2C "~ Lived Lived .
~ 85-18 Untreated 2VF 4.40 11.30 Lived Lived .
85-18 Untreated - DS33 3.10 12.70 Lived Lived .
85-18 Untreated 3L4 3.60 13.30 Lived Lived .
85-18 Untreated 3660 4.60 13.30 Died Died 95
85-18 = Uatreated 3LG 4.00 13.40 Oied Died 28
85-18 Untreated 3LS 3.90 13.60 Lived Lived .
85-18 Untreated 4JL 2.60 14.20 Lived Lived .
85-18 Untreated 9257 3.80 14.60 Lived Lived .
85-18 Untreated 183D 3.40 14.70 Lived Lived .
85-18 Untreated 4GB 3.20 14.70 Lived Lived .
85-18 Untreated EI96 3.70 14.80 Died Lived 1,440
85-18 Untreated £248 3.80 15.40 Died Died 57
85-18 Untreatad 4170 3.70 15.90 Died Died 25
85-18 Untreated 339D 3.9 16.20 Died Died 30
85-18 Untreated 936C 3.9 16.40 Died Died 15
85-18 Untreated 3LI 4.30 16.40 Died Died 150
85-18 Untreated 822C 5.10 16.50 Jied Died 39
85-18 Untreated 087D 4.30 16.70 Lived < Lived .
85-18 Untreated 1370 4.00 17.10 Lived Lived .
85-18 Untreated 44L 2.80 17.20 Died Lived - 1,440
85-18 Untreated 1430 4.50 18.70 Died Died 39
85-18 Untreated 858C 5.50 18.70 Died Died. 20
85-18 Untreated W25 4.50 19.20 Died Died - 30
85-18 Untreated 3LB 4.00 20.00 Lived Lived .
85-18 Untreated 3XD 3.20 20.10 Died Died 120
85-18 Untreated 3EW 3.10 20.30 Died Died .30
85-18 Untreated 4HL 3.20 26.40 Died Died - 15
85-18 Untreated 986C 5.80 ©  32.40 Died Died 15
87-33 Untreated 85-206 7.97 5.03 Lived . Lived .
87-34 Untreated 85-008 8.68 5.12 Lived Lived .
87-34 Untreated 85-111 5.71 5.33 Lived. = Llived .
87-3% Untreated 85-035 7.76 5.85 Lived Lived T
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TABLE 1.
(Continued)
Sody Actual Time to

Animai;  Weight GD Dose 48-Hr 10-Hr Death
Task Treatment 10 (kg) (sg/kg) - Lethality Lethaiity (min)
87-33 Untreated 85-042 6.84 5.96 Lived Lived
87-34 Untreated 84-001 3.85 6.28 Lived Lived .
87-33 Untreated 85-260 5.93 6.54 Died Died 66
87-3% Untreated 83-05! 7.44 6.68 Lived Lived .
87-31 Untreated 84-185 5.15 6.90 Died Died 51
87-34 Untreated 84-184 6.63 6.94 . Lived Lived .
87-31 Untreated 84-130 6.84 6.94 Died Died 29
87-3%4  Untreated 85-213 §.32 65.96 Died Died 90
87-33 Untreated 84.207 5.00 7.20 Lived Lived .
87-34 Untreated 85-049 6.93 7.42 Died Lived 1,440
87-3% Untreated 84-263 6.86 8.09 Lived Lived .
87-33 Untreated 84-152 1.74 8.38 Lived Lived .
87-3%3 Untreated 84-170 6.61 8.97 Died Died 32
87-34 Untreated 85-080 6.58 10.33 Died Died 25
87-34  Untreated 85-218 8.72 13.83 Oied Died 10
89-12 Untreated 1600 5.20 4.50 Lived Lived .
89-12 Untreated 1582 5.80 4.90 Lived Lived .
89-12 Untreated 1638 5.90 5.00 Lived Lived .
89-12 Untreated 1542 5.60 5.20 Lived Lived . ,
89-12 Untreated 1554 4.60 5.40 Lived [ Lived .
89-12 Untreated 1626 5.50 6.00 -Died Died . 53
89-12 Untreated 1578 5.30 6.80 Died Lived 1,305
89-12 Untreated 1540 4.70 7.00 Died Died 37
89-12 Untreated 1640 5.20 8.80 Died Died 17
89-12 MMB-4 1534 5.80 5.80 Lived Lived .
89-12 MMB-4 1888 6.50 6.10 Lived Lived .
89-12 MMB-4 1622 5.90 6.10 Lived Lived .
89-12 MMB8-4 1524 5.10 6.30 Lived Lived .
8§9-12 MMB-4 1598 6.20 6.90 Lived Lived .
89-12 MMB-4 1584 5.60 8.40 Died Lived 2,160
89-12 MM8-4 1566 4.80 9.30 Died Died H
89-12 MMB-4 1634 5.10 9.70 Died Died 30
89-12 MMB-4 1536 5.20 11.00 Died Died 38
89-12 MMB-3 1624 4.80 12.80 Died Died 85
89-12 MMB-4 1552 5.20 15.70 Died Oied 2!
R5-12  MMB-3 1620 3.60 29.80 Died Died 33
89-12  H(-6 1570 5.20 6.00 Lived Lived .
83-12 H!l-6 16:0 5.60 7.40 Lived Lived .
89-12 Hl-6 1538 5.20 8.60 Lived Lived .
89-12 HI-6 1564 6.00 10.80 Lived Lived .
39-i2 Hl-§ 1546 4.70 13.00 Died Died 38

o3
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TABLE 1.
(Continued)

Body - Actual : ; Time to

Animal Weight  GD Dose  48-Hr 10-Hr Death
Task  Treatment I0 (kg) (kg/kg) Lethality Lethality (min)
89-12 HI-6 1618 4,40 14.70 Died - Lived - 2,700
89-12 Hl-6 1544 5.60 16.60 Lived Lived .
89-12 HI-6 1591 5.20 18.30 Died Died 18
89-12 Hl-5 1900 4.0 21.50 . Died Lived 1,290
89-12 Hl-§ 1632 . 4.40 25,10 Oied Died 194
89-12 Hl-6 1602 6.20 25.90 Died. Died 38
89-12 HI-6 1588 4.70 28.40 Died = - Died 480
89-12 Hi-6 1604 5.20 30.10 Died Lived 2,220
89-12 HI-6 1568 4.90 32.00 Died Died 92
89-12 Kl-6 1586 5.80 34.70 Died Died 135
89-12 HI-6 1572 4.50 42.10 Died Died 570
85-18 2-PAM 4£9 3.4 19.30 Lived = Lived .
85-18 2-PAM 46R 2.70 20.00 Lived Lived .
85-18 2-PAM 3330 4.40 20.10 Lived Lived .
85-18 2-PAM DESSS 5.4 20.20 Lived Lived .
85-18 2-PAM 827¢ 4.30 21.80 Lived Lived
85-18 2-PAM 4050 3.50 21.90 Lived - Lived .
85-18 2-PAM 8737 - 4.50 21.5C Died Died 37
85-18 2-PAM . 267 3.2 21.90 Oied . Dieg . €0
£5-18 2-PAM 47 4,20 22.50 ' Lived ~ Lived .
85-18 2-PAM 1057 4.30 22.800 ° Died Died 206
85-13 2-PAM - 3KX 4.0 23.5 Died Died 33
85-18 2-PAM 2158 5.0 231.6 Died Died 60
85-18 2-PAM 4E1 3.1 24.0 Lived Lived .
85-18 2-PAM 0278 4.9 24.1 Died Died 113
85-18 2-PAM 3990 4.3 24.3 Died- Died 201
85-18 2-PAM 0270 4.4 24.4 Died Died 78
85-18 2-PAM 4GV 3.2 24.5 Lived Lived .
85-18 2-PAM 3150 3.8 5.4 Lived Lived .
85-18 2-PAM €603 4.6 25.9 Died Died - 142
85-18 2-PAM 0238 3.8 26.2 Lived Lived .
85-18 2-PAM 45S 2.7 26.2 Lived Lived .
85-18 2-PAM 0030 4.6 26.4 Lived Lived .
85-18 2-PAM £42 3.1 26.6 Lived Lived .
85-18 2-PAM 2JG 3.2 28.4 Died Died 55
85-18 2-PANM 904C 3.6 29.2 Died . Died 355
85-13 2-PiM 1200 4. 30.0 Died Died 480
85-13 2-PAM 0700 4.0 30.0 Lived - - Lived .
85-18 2-PAM 8307 1.5 4.7 Died Died - - 325

() Tiras tn death are approximated for some animals dying at later times when
stoarvatisn, were not teing made continuously. o
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TABLE 2. PARAMETER ESTIMATES AND MOOEL RESULTS FROM FITTING
: COMMON SLOPE PROBIT DOSE-RESPONSE MODEL TO THE 48-HR
LETHALITY RESULTS FROM SIX GROUPS OF MONKEYS

Non-Linear Least Squares Summary Statistics

Source OF  Weighted SS
Regression 7 370,399.89
Residual 113 90.97

Uncorrected Total 120 370,490.86
{Corrected Total) 119 160,103.31

Sum of Loss 101.57
Asymptotic

Parameter(® Estimate Standard Error
81 11.42 2.20
BO1 - 8.48 2.62
802 « 4.90 1.89
803 - 3.88 1.74
804 -« 5.19 2.00
805 -« 7.98 2.61
806 -10.95 3.06

Dependent variable
(18-Hr Lethality)

Weighted MS

52,914.27
0.81

Asymptotic 95 Percent
Confidence Interval

Lower "Upper

1.07 15.77
-13.67 « 3.28
- 8.64 - = 117
- 7.32 - 0.44
- 9.16 - 1,22
-13.15 - 2.81
-17.01 - 4.90

() B] is the estimate of the common slope, BOl is the estimate of the
intercept for the untreated monkeys in Task 85-18, 802 is the estimate of
the intercept for the untreated monkeys in Task 87-34, B03 is the estimate
of the intercept for the untreated monkeys in Task 89-12, B04 is the
estimate of the interceyt for MMB-d treated monkeys in Task 89-12, BO3 is
the estimate of the intercept for Hl-6 treated monkeys in Task 89-12, and
806 is the estimate of the intercept for 2-PAM treated monkeys in

Task 85-18.
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some monkeys, since statistical analyses of LDg,s in this report are based on
G doses calculatad on weight differentials of syringes pre- and post-dosing,
whereas some previous results have been based on target doses. The 48-hr GO
LDg, estimated for MMB-4 was determined to be statistically less than the
48-hr GO LDg, estimated for HI-§ at the 5 percent significance level. Also,
the 43-hr GD LD, estimated for untreated monkeys in Task 85-18 was
statistically greater than the 48-hr GD LD,, for untreated monkeys in

Task 89-12.

Because the 48-hr GD LD, for untreated monkeys in Task 85-18 was
datermined to be statistically greater than the 48-hr GD LD, for untreated
monkeys in Task 89-12, comparisons between monkeys treated with MMB-4, HI-6,
or 2-PAM are best made from PRs. The PR for 2-PAM was calculated as the ratio
of the 48-hr GD LDy, estimated for 2-PAM treated monkeys in Task 85-18 to the
48-hr GD LDy, estimated for untreated monkeys in Task 85-18. PRs for MMB-4
and HI-& were calculated as the ratios of the 48-hr 6D (D,s estimated for
MMB-4 and HI-6, respectively, in Task 89-12 to the 43-hr @D LDy, estimated for
untreated morkeys in Task 89-12. PRs and 95 percent confidence intervals are
bresented in Table 4 for MMB-4, HI-6, and 2-PAM. Whila the PRs estimated for
HI-6 and 2-PAM were determined to be statistically greater than one (at the
5 percent significance leval), the PR estimated for MM3-4 was determined to
not be significantly different from one. Hypothesis tests wara conducted to
determine if the PRs determined for MMB-4, 2-PAM, and HI-6 based on 48-hr
lethality were statistically different. Based on pairwise comparisons of the
lTogarithms (In) of the PRs, the results of the hypothesis tests may be
summarized as follows:

(1) The PR calculated for HI-6 was determined to Se statistically
(at the 5 percent significance level) greater than the PR
calculated for MMB-4. —

(2) The PR calculated for HI-6 was determined to be statistically
greater than the PR calculated for 2-PAM at the 10 percent
significince level but not at the § percant significance level.

(3, The PR calculated for MMB-4 was determined to not be
statistically different from the PR calculated for 2-PAM.
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TABLE 4. ESTIMATED PROTECTIVE RATIOS FOR 48-HR LETHALITY FOR
MMB-4, HI-6, AND 2-PAM

" Prctective Ratio
for

Treatment 48-Hr Lethality 95 Percent C.I.
MMB-3 ‘ 1.30 ’ (0.98, 1.73)
HI-6 2.28 (1.67, 3.13)
2-PAM 1.65 (1.42, 1.91)

The dose-response relationships estimated between GD dose and 48-hr
iethality for MMB-3, HI-6, or 2-PAM treated monkeys were used to calculate the
lethality rate at two times the 48-hr GD LDy of untreated monkeys for each
treatment. As shown in Table 5, the lethality rate calculated for H[-6 at two
times the untreated 48-hr GO LDy, was determined to be statistically less, at
vhe 5 percent significance level, than the lethality rate calcylated for
MMB-4. :

TABLE 5. PREDICTED 48-HR LETHALITY RATE AT TWO TIMES UNTREATED
48-HR GD LDy, FOR MMB-4, HI-6, AND 2-PAM

Untreated Estimated .
48-Hr GD LDgy G0 Lethality Rate 95 Percent
Treatment Task for Task Dose at GD Dose C.l.
MMB-3 89-12 6.0 12.0 0.98 0.79, 1.00)
H1-8 89-12 6.0 12.0 . 0.25 0.03, 0.73)
2-PAM 85-18 15.1 30.3 0.83 0.63, 0.95)
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3.5.2 Analysis of 90-Min, 4-Hr, and 10-Hr Lethality lata

while most of the lethalities observed in untreated animals or
animals treated with MMB-4 in Task 89-12 occurred shortly after GD exposure,
only four of the 11 lethalities observed in animals treated with HI-6 occurred
within 2 hr after GD exposure. This led to conjecture on the ability of the
oxime HI-6 to delay death. Consequently; 48-hr lethality may not be the
endpoint best suited for discriminating between the efficacies of MMB-4, HI-,
and 2-PAM, and, therefore, lethality at other times was also investigated.

Probit dose-response models in log GO dose were fitted to the data
from six groups of monkeys (85-18/untreated, £7-34/untreated, 89-12/untreated,
89-12/MM8-4, 39-12/HI-6, and 85-18/2-PAM; using both 30 min iethality and 4-hr
letha ity as the measured response. These models assumed that the
dose-response relations for the six groups of monkays had a common slope but
different intercepts. There were strong indications, however, of & lack of
fit of the common slope model for both the model fitted to the 90 min
lethality data and the model fitted to the 3-hr lethality data, i.e., the
hypothesis of a common slope for the dose-response relationships of the six
groups of animals was rejected at the 5 percent significance level, Further
analysis indicated that the lack of fit for both the 90-min and the 4-hr
lethality data was due to tha absence of a dose-respense raiafionship batwveen

- lethality at these times and GD dose for animals treated with HI-6 or 2-PAM,

‘Because it was not possible to estimate adequately the dose-response
relationships for HI-6 and 2-PAM from either.the 90-min or the 4-hr lethality
data, the incicence of death was examined at alternative timepoints. Figure 2
displays a plot of the times to death of nonsurvivors in each group of

‘monkeys. Results displayed in Figure 2 suggested that lethality at 10 hr

might be better suited for discriminating among treatment efficacies of MMB-d,
HI-6, and 2-PAM. Therefore, a probit dose-response model in log GD dose was
fitted to 10-hr lethality data from the six groups of monkeys This model
assured that the dose-response relations for the six groups of monkeys had 2
commcn slope but different intercepts. Ten-hr lethality datd are displayed in
the seventh cclumn of Table !, and parameter estimates and results frem
fitting the common slope model to these data are summarized in Table §. The
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TAELE 6. PARAMETER ESTIMATES AND MCOEL RESULTS FRUH FiTTINkG
COMMON SLOPT PROBIT DOSS-RESPONSE MODEL TO THE 10-HR
LETHALITY RESULTS FROM SIX GROUPS OF MONKEYS

Dependent Variable

Non-Linear Least Squares Summary Statistics {10-Hr Lethality)
Source OF  Weighted SS Weighted MS
Regression 7 64,435.55 9,205.08
Residual 113 109.51 0.97

Uncorrected Total 120 64,545.06
{Corrected Total) 119 43,829.83

. Sum of Loss 115.26
Asymptotic 35 Percent
Asymptotic. - Confidence Interval
Parameter(®  Estimate Standard Error Lower Upper
81 8.24 1.64 ‘ 4.99 11.49
801 - 4.90 1.97 - 8.81 . = 0.99
© BO2 - 2.38 1.43 - 5.22 - 0.46
N 803 - 1084 1036 - 4-54 - 0086\
804 - 2.76 1.58. - 5.89 - 0.37
B80S --5.64 2.21 -10.02 - 1.26
806 - 6.53 2.29 -12.07 - 2.00

(M 81 is the estimate of the common slope, B0l is the estimate of the
intercept for the untreated monkeys in Task 85-18, B02 is the estimate of
the intercept for the untreated monkeys in Task 87.34, 803 is the estimate
of the intercept for the untreated monkeys in Task 89-12, 804 is the
estimate of the intercept for MMB-4 treated monkeys from Task 89-12, 805
is the estimate of the intercept for HI-6 treated monkeys in Task 8§9-12,
and ng i; the estimate of the intercept for 2-PAM treated monkeys in
.Task 85-18.

—
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estimate o< the common slope is 8.24 with 2 standard deviation of 1.63. Based
on the ccmmon slope model, predicted lethality rate at 10 hr versus GC dcse Q!
was plotted for untreated monkeys and for monkeys treated with MMB-d or HI-5,
and are prasented in Figure 3.

In addition to fitting a common slope model to the combined 10-hr . ‘ d
lethality data from the six groups of monkeys, separate probit models were
fitted to 2ach group. A hypothesis test of the adequacy of the common slcpe
assumption was performed by comparing the fits from the common slope and
separate ciopes models. 8ased on the results of a log-likelihcod ratio test, »
the null hypothesis of a common slope for the six groups of monkeys was not
rejected at the 5 percent significance level,

The estimated parameters from the common slope model were used to
calculate the 10-hr GO LDy, LDg,, and iD,, for each group of monkeys. Table 7
displays the estimated percentiles of the dose-response models for each group
of nonkeys. The 10-hr GD LDy, estimated for MMB-4 was determined to be
statistically less than the 10-hr GD LDy, estimated for HI-6 at the
§ percent significance level. Because the 10-hr GD LDy for untreated monkeys
in Task 85-18 was determined to be statistically greater than the 10-hr GD » ¢
LD;, for untreated monkeys in Task 89-12, comparisons between MMB-3, HI-6, and
2-PAM are best made from PRs. The PR for 2-PAM was calculated as the ratio of
the 10-hr GO LDg estimated for 2-PAM in Task 85-18 to the 10-hr GD LD,
estimated for untreated monkeys in Task 85-18. PRs for MMB-4 and HI-6 were
calculatzd as the ratio of the 10-hr GD LDys estimated for MMB-4 and HI-6,
respectively, in Task 89-12 to the 10-hr GD LDy, estimated for untreated
monkeys in Task 89-12. PRs and 95 percent confidence intervals are presented
in Table 8. While the PRs estimated for HI-6 and 2-PAM were determined to be
statistically greater than one (at the 5 percent significance level), the PR ' [ ]
estimated for MMB-4 was determined to not be signiiicantly different from one.
Hypothesis tests were conducted to determine if the PRs determined for MMB-4,
V 2-PAM, and HI-6 based on 10-hr lethality were statistically different. Based
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TABLE 8. ESTIMATED PROTECTIVE RATIOS FOR 10-HR LETHALITY
: FOR MMB-4, HI-6, AND 2-PAM

Protective Ratio

for '
Treatment 10-Hr Lethality 95 Percent C.1.
MMB-4 1.30 ’ (0090, 1.87)
HI-6 2.89 (1.98, 3.21)

-2=PAM 1.58 (1.30, 1.91)

on pairwise comparisons of the In of the PRs, the results of the hypothesis
tests conducted at the 5 percent significance level may be summarized as
follows:

(1) The PR calculated for HI-6 was determined to be statistically
greater than the PRs calculated for MMB-4 and 2-PAM.

(2) The PR caiculated for M'8-4 was determined to not be
statistically different from the PR calculated for 2-PAM.

The dose-response relationships estimated between GD dose arnd 10-hr
lethality for MMB-4, HI-6, and 2-PAM treated monkeys were used to calculate
the lethality rate at two times the untreated 10-hr GD LD for each
treatment. As shown in Table 9, the lethality rate calculated for HI-6 at two
times th» untreated 10-hr GD LDy, was determined to be statistically less, at
the 5 percent significance level, than the lethality rates calculated for
MMB-4 and 2-PAM. |
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TABLE §. PRECICTED 10-#R LETHALITY RATE AT TWO TIMES UNTREATED
10-HR GD LDy, FOR MMB-4, HI-5, AND 2-PAY

Untreated Estimated
10-Hr GD LDy, G0 Lethality Rate 95 Percent
TreatTent Task for Task Dose at GD Dose c.I.
MMB- 4 89-12 6.8 13.5 0.94 (0.66, 1.00)
HI-4 89-12 6.8 13.5 0.09 (0.91, 0.42)
2-7°M 85-18 15.§ 31.8 0.80 (0.59, 0.93)
3 Anglysis of the Tim ath

While the analysis of the 48-hr lethality data provided only
indications that HI-6 was more efficacicus than 2-PAM, the PR estimated for
HI-6 was determined to be'statistically greater than the PR estimated for
2-FAM hased on 10-hr lethality data. It is of interest, therafore, to compare
the tines to death for MMB-4, HI-6, and 2-PAM treated monkeys. Times to death
for the animals studied in thase tasks are displayed in the last column of
Table 1. Times to death were treated as right censored at 48 nr for animals

that survived the 48-hr observation period. This means that the time to death

was not known but would have been greater than or equal to the assigned value
if the observation period had been longer. Natural 1n of the times to death
were modeled a, a linear function of the 1n of normalized GD doses for MMB-4,
HI-6, and 2-PAM. Because the 48-hr GD LD, for untreated monkeys in

Task 85-18 was statistically greater than the 38-hr GD LDy, for untreated
monkeys in Task 89-12, GO doses were normalized by the 48-hr GD LDgs: GO
doses were divided by 15.1 ug/kg for animals treated with 2-PAM in Task 85-18,
and GD douses were divided by 6.0 ug/kg for animals treated with MMB-4 or HI-6
in Task 89-]12. This modal assumed that the relationships between In time to
death and In normalized GD dose had a common slope but different intercepis.
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Parameter estiua*es and results from fitting the common slope model to this

data are summarized in Table 10.

TABLE 10.

PARAMETER ESTIMATES AND MODEL RESULTS FOR LN-LN REGRESSION
MCDEL BETWEEN TIMES 70O DEATH AND GO DOSE

Standard
Variable DF Estimate Error Chi Square P>Chi Label/Value
301 1 8.70 1.07 66.4 0.0001 MMB-4 Intercept
802 1 12.11 1.69 51.5 0.000] HI-& Intercopt
B03 1 9.64 0.851 128.3 0.0001 2-PAM Intercept
81 1 -4.38 1.17 14.0 0.0002 Slope Coefficient
o 1 2.58 0.363 Standard.
deviation of
times to death
Estimated Covariance Matrix
_B8o:  __BO2 803 Bl g
80!  1.1399 1.0336 0.4476 -0.7840 0.11%6
802 1.0336 2.8497 0.9792 -1.7874 10,1933
803 0.4476 0.9792 0.7238 -0.7394 0.1333
81 -0.7840 -1.7874 -0.7394 1.371% -0.125%
o 0.1196 0.1933 0.1303 -0.12%5% 0.1318

The estimated parameters of the In-1n regression model were used to
predict the time to death at a normalized CD dose of 2 for each treatment, and
these values are displayed in Table 1l for MMB-4, HI-6, and 2-PAM.

Statistical hypothesis tests were conducted to determine if the predicted
times to deuth at 2 ncrmalized GD doses were significantly different for the

three trsatments.

Based on pairwise comparisons of the In of the predicted

timas to Jdeath, the results of the hypothesis tests may be .ummarized as

follows:
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The precicted time to death at a normalized GO dose of 2 for '
HI-6 was determined to be statistically qgreater than the
predicted time for MM3-3 at the 5 percent significance level.

The statistical significance of the difference between
predicted times to death at 2 normalized GD doses for HI-6 and
2-PAM was marginal: the observed significance level was
calculated to be 0.052.

The difference between predicted times to death at 2 normalized
GD doses for MMB-4 and 2-PAM was determined to not be
statistically significant.

TABLE 11. PREDICTED TIMES TO DEATH AT TWQ TIMES UNTREATED

48-HR GD LDgy FOR MMB-4, HI-6, AND 2-PAM

-Predicted Time

Normalized to Death 95 Percent C.I.
Treatment GD Dose GO Dose {min) (min)
Atr/MMB-4 12.0 2 290 ( 55, 1,500)
Atr/HI-6 12.0 2 8,700 (1,200, 65,000)
Atr/2-PAM 30.3 2 730 ( 230, 2,300)

35-13 hr,

3.5.4 Analyses of Clinical Signs Data

The procedures used far monitoring clinical signs were modified frem
those used in Task 85-18, and therefore only the 37 monkeys tested in

Task 89-12 were included in the analysis of clinica! signs. The objecti.e uf
the analysis of the clinical signs was to determine if statistically
significant differences in onset and/or duration of sublethal responses in
monkeys treated with MMB-4 and HI-6 existed. Each animal was continuously
monitored for clinical signs of GD intoxication during the first 4 hr
failcaing GO challenge, and at decreasing frequencies during the foilowing
intervals thereafter: 3-6 hr, 6-8 hr, 8-12 hr, 12423 hr, 24-36 hr, and
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Clinical signs ccmpiled for statistical analyses were onset and
icn times of tremors, convulsions, and prostration. Annotated cloch
5 frcm tne clinical signs observation sheets, and lettar cocdes designating
he observaticn interval in which events were observed are given in Table 12
or time to death, and onset and cessation of tremors, convulsions, ani
prostration. Because observations were not made continuo-..ly after the first
3 hr, the length of the observation period used in statis-ical analyses for
cassation of tremors and convulsions was restricted to the first 4 hr
follcaing GD injection. Because of similarities in response across treatment
groups, onset and cessation times of prostration for animals that died within
38 hr aere not used in the analyses and are not shoan in Table 12. Table 13
displays numbers of animals in various time categories for times to death and
times to onset of tremors, convulsions, and prostration. For those animals
that exhibited tremors or convulsions, the majority of onset times occurred
betseen 0 and 15 min, and because of the large number of animals that gied
prior to 48 hr, the amount of data for onset of prostration was limited.
Frequency counts did not reveal any potential treatment group effects for
these data, and, thcrefore, no further statistical analjses were done for the
gnset times.

The clinical signs chosen for statistical modeling and analysés were
durations of tremors, convulsions, and prostration. When both orset and
cessation times were noted, duration was calculated as the difference betaeen
the cessation and onset times using the annotated clock times. Clock times
acre not recorded for cessation of tremors, so midpoints of the time interval
in ~hich tremors were last observad were used to calculate duration of
tremors. If a clinical sign was not exhibited during the observation period
and the animal lived throughout the observation period, then the duration was
set equal to zero. ODurations were treated as right censored, i.e., durations
~ere set equal to the length of the observation period minus the onset time
for animals that exhibited the sign throughout the observation period (animal
lived) and were set equal to the end of the observation period in which
aninals died minus the onset time for nonsurvivors.
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TABLE 13. SUMMARY OF ONSET TIMES FOR TREMORS, CONVULSIONS,
AND PROSTRATION

Kumber Number Time to Time to Tremors
Treatment Survived Survived Tremors Tremors Not Observed
Group N >4 hr >48 hr 0-15 min 15 min<4 hr in 4 hr
Untreaced 9 6 5 ? 1 1
MMB-4 12 6 5 10 0 2
HI-6 16 - 10 5 16 0 0
Time to Time to Convulsions
Treatment Convulsions Convulsions Not Observed
Group 0-15 min 15 min<4 hr in &4 hr
Untreated 5 2 2
MMB-4 8 1 3
HI-6 13 0 2
" Time to Time to . Prostration
Treatment Prostration Prostration Not Observed
Group 0-15 min 15 &in-48 hr in 48 hr
Untreated 1 2 2
MMB-4 1 1 3
HI-6 4 0 1

( Animal #89-1632 died prior to 4 hr without exhibiting convulsions.
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Regression models were fitted to the duration data for tremors,
convulsions, and prostration using duration as the response variable and In )
dose and treatment group as the independent variables. For each sign,
regression modn's were fitted both to the data frem all the animals and to the
data from survivors only. Table 14 summarizes the results for statistical
models fitted to the duration of clinical signs data. For each fitted model,
the estimated slope of the regression model and its standard error are
displayed in the third column of the table. Slopes determined to be
statistically different from zero at the § percent significance level are
noted by asterisks, A hypothesis test was conducted for each fitted model to
determine if any statistically significant differences existed between the
duraticn times for the three groups of monkeys based on the fitted model.
Qutcomes of the hypothesis tests are shown in the fourth column of the table.
The estimated parameters of the regression models were used to predict the
average duration times of signs for & GD dose of 12.0 «g/kg (two times the
43-hr LD, for untreated monkeys of Task 89-12) for each treatment. The
predicted group means together with 95 percent confidence intervals are shown
in the last three columns of Table 14.

When models were fitted to the data from all the animals, the
estimated regression slope was significantly greater than zero for all three
signs. That is, duraticns of tramors, ccnvulsions, and prostration were
predictad to increase with increasing GO dose. Also, the durations of
cenvulsions and prostration showed significant differences among the three
groups of monkeys. Mean duration times predicted for animals given 12.0 ug/kg
GD exhibited the same relative ordering among the treatment qroups for each
clinical sign: mean duration time predicted for HI-6 treated animals was less
than the mean duration time predicted for MM8-4 treated animals which was less
than the mean duration time predicted for untreated animals.

When the models were fitted to the data from survivors only,
estimated regression slopes were not statistically significantly different
from zero for any of the three signs. In fact, estimated slopes were negative
fcr durations of tremors and convulsions, suggesting that duration times
decrease with increasing GO dose. The large standard errors associated with
these negative slopes, however, imply that this conclusion may not be
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wsarranted. Treatment group effects were determined to be statistically
insignificant for any of the three signs. Confidence intervals for the mean
duration times predicted for each treatment group w~ere very wide, with
considerable overlap among the treatuent groups.

In summary, when the regression models were fitted to the data from
all animals, the trends estimated between duration times and GD dose and
treatment group were similar for all three clinical signs. Furthermore, the
patterns of association between duration times and GD dose and treatment group
strongly resembled those estimated from the 48-hr lethality data.

Specifically these resuits are:

(1) Ourations were significantly related to GD dose with durations
predicted to increase with higher GD doses. -

(2) Durations differed significantly among treatment groups; mean
durations were shorter for HI-6 treated animals than for MMB-3
treated animals, which were in turn shorter than for untreated
animals. .

When the regression models were fitted to the data from the
survivors only, durations were not statistically significantly associated with
either GD dose or treatment group. The dissimilarity between the results

‘based on all the data and those based on survivors only indicate that the data

from nonsurvivers strongly influenced the outcome of models fitted to both
survivors and nonsurvivors combined.

4.0 CONCLUSIONS

Dose-response experiments were carried out in Task 89-12 to
determine the 48-hr GD LDg,s for untreated rhesus monkeys and monkeys treated
with atropine/HI-6 or atropine/MMB-4. The 48-hr GO LD, was estimated to be
6.0 4g/kg in untreated monkeys, 7.8 ug/kg in atropine/MMB-4 treated monkeys,
and 13.7 ug/kg in animals treated with atropine/Hl-6. Based on the 48-hr
lethality data, HI-6 was determined to be statistically significantly more
effective than MMB-4 in treating GD intoxication. PRs estimated from 48-hr
lethality data for atropine/MMB-4 and atropine/HI-6 treated monkeys were

.
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statistically compared to the PR in monkeys for atropine/2-PAM estimated from
the 48-hr lethality data of Task 85-18. while the PR calculated for HI-5 aas
larger than the PR calculated for 2-PAM, the difference was deternined to not
be statistically significant at the 5 percent significance level.

Times to death observed for animals treated with atropine/HI-6 aere
substantially longer than the times to death observed in untreated animals or
animals treated with atropine/MMB-4 in Task 89-12. Therefore, dose-respense
models were fitted to the lethality data using a range of timepoints. Based
on lethality at 10-hr data, atropine/HI-§ was determined to be statistically
(5 percent significance level) more effective than atropine/MMB-3 in treating
GD intoxication. PRs estimated from the 10-hr lethality data for MMB-J and
HI-6 were statistically compared to the PR estimated from the 10-hr lethality
data in Task 85-18 for atropine/2-PAM. The PR calculated from the 10-hr
lethality data for atropine/Hl-6 was statistically greater (at the 5 pefcent
significance levei) than the PRs calculated from 10-hr lethality data for
atropine/MMB8-4 and atropine/2-PAM. ,

Durations of tremors, convulsions, and prostration were determined
to be statistically significantly related to GD dose only when the analysis
utilized results from both survivors and nonsurvivors. Trends and comparisons
derived from models fitted to the duration data mirrored results from analysis
of the time to death data. when the models were refitted to data using only
the survivors, duration of tremors, convulsions, and prostration were
determined to not be statistically significantly related to either GD dose or
treatment group. ‘

Twenty-five monkeys were necropsied: seven injected with GD and
given no treatment, seven injected with GD and treated with atropine/MM8-4,
and 11 treated with atropine/HI-6. Only three monkeys which survived more
than 48 hr following GD injection were sacrificed in moribund condition, and
none of these three monkeys had received any therapy. No gross lesions were
usually detected, which is compatible with death or moribundity due to GD
intoxication. Neither atropine/MMB-4 nor atropine/Hl-6 therapy appeared to
alter the gross appearance of organs or tissues from that seen in monkeys
exposed to GD and given no treatment,

a2
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5.0 RECORD_ARCHIVES

®

Forty-seven monkeys for use in Task 89-12 arrived at Battelle on
February 13, 1990. LD, studies were run between March 20 and April 4, 1990.
Oxime efficacy study dosing occurred frcm’Apri1.17 to June 12, 1990. kecords »
pertaining to the conduct of this study are contained in Battelle laboratory ' ;
record books which are specific for this task. These record books are clearly
labeled as to contents of each volume and include pre-sfudy animal quarantine '
and observation records as well as all study data. These records and the -
final report will be maintained at the MREF until acceptance of the final '
report by the U.S. Army. At that time, records will be forwarded to the
U.S. Army cr archived at Battelle. Agent and oxime dosing solutions are
unstable under prolonged storage and have been destroyed. Slides of tissue —
samples taken at necropsies will be sent ta the Ary or maintained at o ’
Battelle, '
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There are a number of pecple who made performance of this task ®
possible. Their invaluable assistance is gratefully acknowledged by the
autnors, Among the many are: James Arp and Sheri Moore for chemical
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Characterization of Soman Toxicity in Atrogine
and Jxime (HI-6 and MM8-3) Treated Rhesus Monkeys
Study Performed by Battelle Memoriul Institute
505 King Avenue, Columbus, Chio $3201-2593
Studv Director: Carl T. QOlson, 0.V.M., Ph.D.

Program Director: Garrett §. 0ill, ' V.M.

Statistician: Ronald G. Menton, Ph.D.
Pathologist: Allen W, Singer, D.V.M.

Studv Veterinarian: Peter L. Jepsen, D.V.M.

Soonsor: U.S. Army Medical Research and Development Command (USAMROC)

Soonsor Monitor: MAJ James R. Stewart, 0.V.M., U.S. Army Medical
Research Institute of Chemical Defense (USAMRICD)

Introduction:

There is a need for improved antidotes, specifically oximes, for
treatment of exposure to organophosphate (0P) chemical warfare agents.
Although pralidoxime chloride (2-PAM), the standard therapeutic oxime, is
reportedly effective against exposure to the nerve agents Sarin (GB) and
¥X, it is only marginally effective against Scman (GD) and Tabun (GA)
exposure. Hl-6 and MMB8-d are two oximes most likely to be developed over
the next year as replacements for 2-PAM. The decision as to whether ta
use either of these oximes as & replacement for 2-PAM is critically
dependent on the demonstration of improved efficacy against GD
intoxication in studies with ncnhuman primates.

Cbiective:

oi—————

The objective of this study is to characterize in Rhesus monkeys the
toxicity of GO when exposure is followed by treatment with atropine and.
either of the two candidate oximes, HI[-§ or MM8-4, on the Dasis of
lethality, morhidity, and pathology. Treatment will be administered at a
fixed time after GD ‘njection using a dose of atropine (as the citrate
salt) of 0.2 mg (or as used in Task 89-08) atropine free base and 100
asmol of candidate oxime per kilogram of body weighi. This study is
canduct2d under the Geod Laboratory Practice (GLP) guidelines of the Food
and Drug Administration (FJA).
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10. Experimental Desian:

A. Test System

(1)

(2)

(3)

Animals - Male Rhesus monkeys, Macaca mulatta, of [ndian origin
were specified for this study because there 1s considerable
scientific evidence that the monkey is predictive of responses
in man, Rhesuys mankeys of [ndian origin were selected because
the majority of work in this are3 has been done with monkeys of
Indian origin and because there-is evidence that Rhesus monkeys
of Chinese crigin respend scmewhat differently to these stucy
conditions than those of Indian origin.() Monkeys for use in
this study will be provided by USAMRICD. Experiments are
conducted in a stage-~ise fashion to limit the number of animals
used to the minimum necessary to achieve statistically valid
results. Monkeys are ol ;erved for 7 days following exposure.
Discomfort and injury of animals are limited to that which is
unavoidable in the conduct of scientifically valuable research.
[f, in the opinion of the Study Veterinarian or the Study
Director, a monkey appears to be in & moribund state and in
pain, that animal will be euthanatized with sodium pentobarbital
or as specified in Section 10.E. Anesthetics, analgesics, or
tranquilizers cannot be used for the relief of pain or anxiety
in these studies because they would interfere with the
higlogical affects of the challenge agent or test compounds.
External stimuli and manipulation are minimizes to decrease any
associated ansiety. Protocals of all xperiments using animals
are reviewed and approvad by Bettalle's [astitutional Animal
Care and Use Comaittes ([ACUC) prior to initiation of the study.
The Program Director accepts responsibility for the proper care
and use of animals. in the conduct of research described in
protocols.

Initicl Weight - Monkeys placed on study weigh between
approximately 2 and 5 kg.

Quarantine « All primates received at Battelle undergo at least
a | month quarantine period. All animals are examined by the
Study veterinarian within one week of arrival at Sattelle,
B8lood samples are taken for hematology and serum chemistries.
Fecal samples are taken for parasite infestation evaluation.
Three tests for the presence of tuberculosis are performed by
injecting tuberculin intradermally in the palpecral skin at

2 week or longer intervals.
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Animal Selection - Sased on physical examinations and clinical
laboratary findings, acceptadble animals are identified by the
Study Director and Study Veterinarian. These animals are
randcmized, based on body weight, to obtain homogeneity of
weight across treatment groups.

Animal [dentification - Animals are received with tattoos. If a
monkey arrives without a tattoo or with an identification number
that duplicates another animal's, a new tattoo will be applied.

Housing - Monkeys are housed individually in stainless-steel
cages, approximately 24 inches wide, 34 inches high, and
26 inches deep, with automatic watering systems.

Acclimation - Prior to the ctart of each exposure, monkeys are
acclimated to placement on a slotted, V-shaped platform where
arms and legs can be restrained by means o lanyards. This is
used when obtaining body weights and blood samples (femcral
venipuncture) and for restraint when injections are made.

Lighting - Fluorescent lighting is used with a Tight/dark cycle
of 12 hr each per day. ,

;;upcraéurt - Monkey room temperatyres are maintained at
£ S5F. .

Humidity - Relative humidity of monkey rooms is maintained al
50 z 10 percent.

Diet - Purina certified monkey chow biscuits are fed twice daily
and are periodically supplemented with fresh fruit. No
contaminants that would interfere with the results of the study
are known to be present in the feed. Analyses of the feed can

be obtained from Purina.

Water - Water is supplied from the Battelle water system and
given ad liditum through automatic watering systems. No
contaainants that would interfere with the results of the study
are known to be present in the water. Water is analyzed
quarterly for potability and annually for contaminants.

Battelle's Animal Resources Facilities have been registered with
*he . S. Oepartment of Ag-iculture (USDA) as a esearch Facility
(Num*  31-21) since August 13, 1967, and are periodically
insp...ed ‘= accardance with the provisions of the Federal
Animal weifare Act. In addition, animals for use in research
are odbtyined only frem laboratory animal suppliers duly licensed

- ——— e~ ——
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by the USDA. Battelle's statement of assurance regarding the
Department of .Health and Human Services (DHH3) policy on humane
care of aporatory animals was accepted by the Office of
Protecti.a from Research Risks, Mational [astitutes of Health on
August 27, 1973. Animals at Battelle are cared for in
accordance with the guidelires set forth in the “Guide for the
Care ang Usa of Laboratory Animals® (DHHS Publication No. (NIR)
85-23) and/or in the regulations and standards a&s promulgated by
the Agricultural Research Service, USDA, pursuant to the
Laboratory Animal Welfare Act of August 23, 1966 as amended
(P.L. 89-5343 and P.L. 91-579}.

On January 31, 1978, Battelie received full accreditation of its
animal care programs and facilities from the American
Association for Accreditation of Laboratory Animal Care
(AAALAC). Battelle's full accreditation status has been renewe?
after every inspection since the originai accreditation. The
MREF is & part of the facilities granted full accreditation.

Material

Treatment Compounds « Treatreent compounds, atropine, HI-6, and
MM8-4, are provided by USAMRICD. Identity and determination of
concentration of atropine sclutions are performed at Battelle.
Ho identity or purity confirmations will be accomplished on HI-§
or -4 at Battelie, : v

Chemical Agent - GO is suppiied by USAMRICD. Purity,
appropriate identification (batch numper, lot number, state),
and stability data are provided by USAMRICD. Purit{ and
stability of agent stored at Bactelle i3 periodically confirmed
by Battelle personnei.

Surety, security, and safety procedures for the usa of chemical

agents are thoroughly outlined in facility plans, in personnel
requirements for jualification to work with chemical surety ¢
miteriel (CSM), and ia standard operating procedures for storage

and use of (SM.

Groups
Inftial Tests to Confirm LD,

No more thin § monkeys are used to aopraximate the 48 hr GD LD,
in animals given no treasmeat, This is accomplished in a
modified uo-down type experiment, challenging 1 o 2 monkeys per
day. [f after 2 or more monkeys have been challenged, the
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estimated GD LD, in this study falls withia the 35 percent
confidence limits of the historic Battelle GD LD in [ndian
Rhesus monkeys, the historic LD, will be accepted for this
group of animals.

Treatment Effic.cy of NI-6 or MM8-3 Given in Conjunction with
Atropine

Using varying doses of GD, as reccmmended by the study
statistician, groups of equal numbers of monkeys will be
challenged with GO and treated with atropine and 100 zms! of
either H[-6 or MMB-3 per kilogram body weight at a time after
exposure provicded by the Sponsor Monitor. GD will be injected
in the right leg in the posterior tibial area in the region of
the gastrocnemius muscle at & site clipped of hair and pre-
marked. Atropine and oximes will be injected intramuscularly in
succession at separate sites 2 to J cm distant from each other
in the Quadriceps femoris muscle of the left leg. Atropine
injections will De made with » solution containing approximately
2.1 mg free base/mL. HI-6 i3 injected at & volume of 0.1 mL/kg
using a water solution containing

378 mg of HI-6/mL. MM8-3 is injected at 0.{ ml/kg usin? a water
solution containing 329 mg of MMB-4/mL. Syringes used for
dosing will be Hamilton aicroliter syringes of the smallest
compatible volume (Syringes are filled to no maore than

95 percent of labeled volume.) to obtain maximum accuracy in the
measurement of delivered dose. Individual, labeled syringes are
loaded with the calculated volume of GO prior $o the start of
dosing, weighed and placed on ice until used. After dosing is
accomplished, syringes are weighed again to determine the weight
loss and calculate the volume delivered. Pre- and post-weighing
of syringes will also be accomplished with those used for dosing
atropine, Wi-6, and M8-d. On every day of dosing, samples of
the GO stock used are taken and chemically analyzed by gas
chromatography to confirm expected GO conceatration of the
dosing solution.

Monkeys are returned to their individual cages after treatments
have been completed and are closely and continuously cbserved
for the first 3 hr folloaing dosing and at intervals thereafter
with observations annotated at §, 8, 12, 24, 36, and 38 hr and
daily thereafter to the 7th day. Signs specifically monitored
include muscle fasciculations, tremors, convulsions,
prostration, salivation/brenchial discharge, miosis/Mydr-asis,
uncooriinatesd movements, and death,
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Srain specimens to be emSedded separately for histopathology are the
frontal corzax, entorninal cortex, basal ganglia, hippocampus,
thalamus, micbrain, pons, medulla, and cerebellum. Trimmed specimens
are processed using routine paraffin embedding methods. Sections

5-3 am thick are stained with hematoxylin and eosin (HEE) and
examined by an experienced veterinary pathologist. Pathologic
findings are tabulated. Selected special stains may be requested
subsequent to examination of HYE stained sections. -

After necropsy, animal remains are incinerated. Surviving animals
are returned to USAMRICO.

Statistical Aporoach:

A msodified up-down approach is used 20 estimete the untreated 43 hr GO
LDy in this group of monkeys. Monkeys will be dosed with GD one or two
at a time, starting at doses approximating 20 to 80 percent of the
historic LDg. If an animal dies at a given dose, the dose the next
monkey receives, on a mg/kg body weignt basis, is reduced, and
conversely, if the first monkey lives, the next animal receives a higher
dose. 8ased on historic information on the slcpe of the GD dose-lethal
response curve and probdit analysis of data as they are obtained, the best
doses for challenging succeeding animals will be selected by a
statisiician in order to most efficiently estimate the 38 hr GD LD, in
the preseat population of monkeys. [f, after a minimum of 2 monkeys have
been challenged, the estimated LDy, falls within the 95 percent
confidarce limits of the Batteile histaric [ndian RResus monkey 28 hr GD
LD¢y, thet historic (Dg velus will be accepted &3 the approvimate L0,
va?zc far the present population of sonkeys anc is used to estimate

‘ protective ratios (LOg, of treated animals/L0, of untreated monkeys).

8ased upon required sample size analyses to estimate the minimum number
of animals needed to provide definitive information on protective ratios,
4 tample size of 20 monkeys will be allocated for each of the two
trestment oxime/atropine theripies. [f fewer animals are needed to
fAesonstrate a protective ratio significantly different (a of 0.05) from
the historic atropine/Z-PAM protective ratio and a survival rate of at
Teast 83 oercent at 2 x L0, of GD, experimentation will cease at that
time. [f definitive information is not obtained using 20 monkeys per
treatment group, the use of an additional ten monkeys per group may De
authorized. [f it becomes apparent after at least five animals have bHeen
challenged and treated with each regimen that 4 protective ratio of at
least 2.5 is not being approximated, the study will cease until further
guidanrcs is obtained frem USAMRICO personnel. Ooses of GO will be
selectes Dy the study statistician to best estimate the LO;, and slcpe of
the dose-resscnse curve in treated =onkeys. Animals will De dosed in
groups, »ith e2ual numbers of animals in each treatment groud per dosing
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day, at the start of the study and the study will continue in this manner
unless sufficient information is obtained for one treatment regimen but
not the other. From the information obtained, probit analyses assuming
both common slopes and separate slopes will be performed and estimates
made of 48 hr LD, LD., and LD, values. Protective ratios are also
calculated. Signs of 60 intoxication will be statistically analyzed, as
feasible, to determine any differences in treatment efficacy.

12. Records to be Maintained:

A. (SM accountability log and inventory

B. Preparation of reagents, dose analyses and dosage administration

Animal data

0. Mortality data ‘ .

E. Clinical observations and results of neurologic examinations
F. Necropsy and histopathology records

G. Decontamination, monitoring, and disposal records.

13. Reoorts:

A. A draft final report is prepared within 30 days after completicn of
the exposures and analyses of the data. The draft final report

includes:

«

(1) Signature page of key study persoanel
(2) Experimental design
(3) Animal selection criteria and husbandry

(3) Test material description, analyses, preparation, and
administration

(S) Clinical observations, and necropsy and histopathology findings
(6) Statistical analyses of data

(7) Drscussions and conclusions,

£3 M B8 = s

8. Following receipt of draft final report comments from USAMROC, a
final report will be prepared within 30 days.

| = BNy < |
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Characterization of Soman Toxicity in Atropine and Oxime (H[-§ and MMB-3)
Treated Rhesuys Monkeys ) ‘

Protocol Amendment No. !

Change:

Reason:

Impact on Study:

Changes:

Page 1. Section 7.

MAJ James R. Stewart, 0.V.M. is -eplaced with LTC Doa W.
Korte, Ph.D.

MAJ Stewart was replaced by LTC Korte as Contracting
Officer's Representative.

None.
Page 2, Section 10.A.(1).

*Male Rhesus monreys, Macaca mulatta, of Indian origin were
specified for this study because there is considerable
scientific evidence that the monkey is predictive of
responses in man. Rhesus monkeys of Indian origin were
selected becauss the majority of work in this area has been
done with monkeys of Indian origin and because there is
evidence that Rhesus monkeys of Chinese origin respond
somewhat differently to these study conditions than those of
Indian origin.®)* s replaced with “Male Rhesus monkeys,

Macaca mulatta, of Chinese crigin are used for this study

ause there is considerzbie scieatific awidence that the
monkey is predictive of responses in man.*

Page 2, Section 10.A.(2).

“Inftial Weight - Morkeys placed on study weigh between

approximately 2 and . kg." is replaced with "Initial

\:t:g:ty-kuookcys placed on study weigh between approximately
9.

Paje 4-5, Section 10.C.(1).

“If after 2 or more monkeys have been challengad, the
estimated GO LD, in this study falls within the 95 percent
confidence limits of the historic Battelle GO LOgq in [ndian
Rhesus monkeys, the historic LOg will be accepto& for this
group of animals.” s replaced with, “If after 2 or more
monkeys have been challenged, the estimated GO LDg, in this
study falls within the 95 percent confidence limils of




Reason:

Impact on Study:

Changes:

MREF Protacal 36
Medical Research and
Evaluation Facility
March 3, 1990

recent Battelle GJ LDy, estimates in Rhesus monkeys, the
historic LOg will be accepted for this group of animals.”

Page 6, Section 10.C.(2).

Delete the following: “A basic neurologic examination of
each monkey is conducted within ] weeks prior to GJ exposure
and again at approximately 24, 48, and 163 hr following
exposure. Findings will be documented."

Page 7, Section 11.

In the following sentence, the phrase in quotation marks is
replaced with “recent Battelle*. If, after a minimum of

2 moiikeys has been challenged, the estimated LD, falls
within the 95 percent confidence limits of tha “Sattelle
historic Indian” Rhesus monkey 43 hr GD LD,, that historic
L0gy value will be accepted as the approximate LD, value for
the present population of monkeys and is used t7 estimate
protect;vc ratios (L0g of treated animals/Lhg, of untreated
monkeys) .

Page 8, Section 12.E.

Replace “Clinical observations and results of neurologic
examinations.” with “Clinical observations®.

Page 9. Section l4.
Dc!itc this References section.

The monkeys provided by USAMRICD for this study are large
Rhesus monkeys of Chinese origin. This change may affect
somewhat the way in which these animals are handled and
n?::: t?c conduct of & meaningful neurologic examination
d cule,

For comparing efficacy of two oximes given in conjunction
with atropine to treat intoxication produced by an
organophosphate, the impact on the study should be
negligidble. Comparison of results of this study with
results from other studies conducted with Rhesus monkeys of
Indian origin may be difficult.

Page 3, Section 10.A.(9).

"Monkey room temperatures are maintained at 77 £ S F." is
chenged to read “Monkey room temperatures are maintained at

63 - 80 F°.

=Y
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Impact on Study:

Changes:

Reason:

Impact on Study:

MREF Protocol 3§
Medical Research and
Evaluation Facility
March 3, 1960

Page 3, Section xd.a.(lo).

“Relative humidity of monkey rooms is maintained at 50 = 10
percent.” is replaced with, "Relative humidity of monkey
rooms is maintained at 30 - 70 percent.”

This change was sade in the Battelle SOP to agree with the
requirements of the Nitional Institute of Health's "Guide
for the Care and Use of Laboratory Animals®.

This should have no impact on the results of the study.
Page 6, Section 10.¢.

*If an aniaal dies spontaneously before being perfused,
tissues will be immersion-fixed in 10 percent neutral
buffered formalin, pH 7.2.° This change will read, "If an
animal dies spontaneously 48 hr or more after agent
injection but before being perfused, tissues will be
;-zc:sion-ﬂxod in 10 percent neutral buffered formalia, pH

"Animals are anesthetized and perfused via aorta cannula
with 1 L of heparinized (2,000 units/L) saline solution
followed by 2-3 L of 10 percent neutral buffered formalin,
pH 7.2 and simultaneously exsanguinated via a slit in the
iaferior vena cava.® is changed to read “Animals are
anesthetized and perfused via aorta or left ventricuiar
cannula with 1 L of heparinized (2,000 units/L) saline
solution followed by 2-3 L of 10 percent neutral duffered
farmalin. pil 7.2 and simultaneously exsanquinated via a slit
in the inferior vena cava or & femoral vein.*

Wording is changed to clarify the intent and to allow some
latitude in the preference of technique of experienced
pathologists in the perfusion fixation of tissue.

Changes are expected to have no impact on the study.

1 = : .
f oy @h__ L Rawil 930
arl 1. Olson, U.V.N., Ph.UJ. Date

Study Oirector
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Characterization of Soman Toxicity in Atropine and Oxime (HI-6 and MMB-4)
Treated Rhesus Monkeys

Protocol Amendment No. 2
Change: Page 5. Section 10.C(2).

"Using various doses of GD, as recommended by the study
statistician, groups of equal numbers of monkeys are
challenged with GD and treated with atropine and 100 umol of
either HI-§ or MM3-4 per kilogram body weight at one minute
after GD exposure.® is substituted for "Using various doses
of 4D, as reccmmended by the study statistician, groups of
equal numbers of monkeys will be challenged with GD and
treated with atropine and 100 umol of either HI-6 or MMB-d

per kilogram body weight at a time after esposure provided
by the Spcnsor Monitor.®

Reason: A treatment time of one minute after GD injection was
specified by MAJ James R. Stewart, USAMRICD.

[mpact on Study: None. The time of treatment, as stated in the protocol, was
specified by the Sponsor Monitor. '

CA‘_D. \‘. &&—— 2-22-40
CarT 1. OTson, U.V.N., Ph.D. fate
Study Director

‘ﬁw/./x? | 30 Muew 90

[T Ton W. Korte,/PW.0. Jate
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Characterization of Soman Toxicity ia Atropine
and Oxime (HI-5 and MMB-4) Treated Rhesus Monkeys

Pratocol Amendment No. 3

Change:

Reason:

Page 1. Section 9.

*Treatment will De administered at a fixed time after GD injection
using a dose of atropine (as the citrate salt) of 0.2 mg (or as used
in Task 89-08) atropine free base and 100 zmol of candidate oxime per

1logram of tody weight.® is replaced with “Treatment is administered
at one min after GD injection using a dose of atropine (as the
citrate salt) of G.4 mg atropine free base and 100 zmol of candidate
oxime per kilogram of body weight.®

A treatment time of one minute after GD injection (Amendment 2) and

"an atropine dose of 0.4 mg/kg was requested by MAJ James R. Stewart,

USAMRICD.

Impact on Study: The change of the atropine free base dose from 0.2 to

0.4 ag/kg allows more comparadility with previous studies in
primates which used 0.4 mg/kg doses of atropine. This
should also assure effective levels of atiopine.

—_
UL o 3-24-90
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son, D.V.M., Ph.D. Date

4 Study Director
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MREF Protocol 56

Report of Study Deviatica
Medical Research and
Evaluation Facility
November 6, 1390

Page 13

Characterization of Soman Toxicity in Atropine and
Oxime (KI-6 and MMB-4) Treated Rhesus Monkeys

Deviation: This protocol specifies mcnkeys will be held in rooms with a
temperature range of 63-80 F and a relative humidity of
30-70 percent. Conditions in animal rooms are recorded twice
daily using a hand-held combination thermometer/hygrometer to
obtain temperature and relative humidity readings. The
temperature and relative humidity recorded in rooms in which
monkeys were held were very occasionally outside these ranges.
Excurcions outside temperature and/or relative humidity ranges
specified in the protocol wera reported to a maintenance engineer
and adjustoents were made to thermostats/humidistats.

Impact on Study: The short-lived excursions outside temperature or relative
humidity specifications stated in the protocol should have

no impict on the validity of the study.

AT Q& ,
£ §%=g \ S : gzi ‘ oy )
arl 1. Qlson, D.V.N., Ph.O. ate

tudy Director
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MREF Protccol 33

Report of Study Deviation
Medica! Research and
Evaluation Facility
November 16, 15950

Characterization of Scman Toxicity in Atropine and
Ozime (HI-6 and M¥B-3) Treated Rhesus Monkeys

Deviation: This protocol specifies that no more than five monkeys will be
used to approximate the 48 hr GD LDy, in animais given no
treatment. Five monkeys were used in the initial phase of this
experiment to determine the 48 hr GD LO,, in this [opulation of
monkeys. In the second, efficacy of oxime therapy, phase of the
experimeat, 12 monkeys were treated with atropine/MM8-3 and
12 monkeys were treated with atropine/HI[-6 prior to the decision
to discontinue testing with MM8-4, At this tise, the Task Ares
Manager requested that adu‘:ional monkeys be challenged with GO
fnjection and given no treatment to better define the 38 hr GO
LDs, in untreated monkeys. As a result of this request, four
additional monkeys were injected with GO and given no therapy.

Impact on Study: The improved defiaition of the 48 hr GD in untreated
animals of this population of monkeys should assist the
statistical analysis of efficacy of oxime therapias. No
effect on the validity of the study is anticipated.

O(hL \ hd g%—. “.‘b °
CarT 1. OTsca, D.V.M., 7n.0. Daze
Study Director

[ .
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STANDARD QPSRATING PROCZIURE
MREF SQP-33-.1

TITLE: Measurement of Chemical Surety Materiel in Dilute Solutions of GA,
331 65, |05‘ HU-L, Hﬁ, L, and VX

LABORATORY: MREF SOP APPROVAL DATE: February 28, 1990

PLACE OF CPERATION OR TEST: Samples throughout MREF: Analyses in Room 17 or
“m‘ L.

This Standard Operating Procedure (SOP) has been prepared as prescribed by
Contract DAMD17-89-C-9050 and will be effective for one year from date of
approval unless sooner rescinded or superseded.

No deviation from this SOP will be permitted. Whenever the approved method is
changed, the SOP will be revised.

Superviscry personnel will assure that all personnel iavolved with this SOP
have been properly trained and instructed in its provisions and attest to this
requirement by affixing their signatures on page 3.

A copy of this SOP will be posted at the Medical Research and Evaluation
Facility (MREF) job site at all times.

Subaitted By: : %//@& 2//’/74’

Zignature/Date

Timothy L, Hayes, Princioal Research Scientist
rint Name/Title

DSOS Yo
Approved By: . \\\\ \ A
1gnature/ate
Garrett §. 0ill, 0O.V.M. Manaqer
rinted Name/l1tie
Approved 8y: //. > R/;IA@

- ignature/nats

Davig L. Stitcher CIH Safetv/Surety Qfficer
Printed lame/i1tle

Revisad Fenruary 19, 1930 . e e
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SignaturesDate

Quality Assurance Unit
Health and Environment Groud
: Printed Name/litie

Mt Bt

Signature/Date

Charles K. Burdick, Dirsctor
Total Quality Program
Health and Environmental! Group
Printed Name/Title
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SIGNATURES
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t
] e

Signature / ' Date Signature

E.2 BN R e B2 RN G T2 S NN e e

~Y
)
[\

asv581 Faze,yry UG

L3 €3

*




.
-—

. ' ‘ MREF
$0P-é3-31

March 11, 16983

Page 4

STANDARD QPERATING PRCCEDURE 88-31

Measurement of Chemical Surety Material in Qilute Solutions
of GA, G8, GD, TGO, HD-L, WD, L, and VX

A. Statement of work: This SOP describes analytical methods for the analyses
of dilute solutions of chemical surety materiel (CSM) to include dose
confirmation samples and dosing stock solutions generated at the MREF,
These measyrements are performed Dy cemparing the analytical results of
exempt chemical surety materiel (XCSM) samples tc analytical standards
prepared of the same CSM. The analytical standards are prepared and
referenced to Standard Analytical Reference Material (SARM) according to
MREF $S0P-88-30.

The datermination of CSM concentration in the diluted samples is performed
on a reqgular basis at the MREF. The analysis must be performed prior to
the expiration date established for the particular CSh/solvent
combination under the storage conditions described herein. For most
progras situations, this has been determined to be approximately 2 weeks
after sample preparation.

8. Responsibility:

. 1. Personnel Qualifications: Technical staff will be current with the
requirements of the MREr and all applicable MREF SOPs. All technical

staff will ba familiar with Randling hazardous materials within the
MREF laboratory. The technical staff must have a fitted SurvivAir
respirator in accordance «ith F5SP SOP-MREF-9. In addition, must know
the location of the nerve agent kit, mechanical resuscitator, eye wash
fountain, and deluge shower as well as how to use them. They must
maintain either visual or audible contact with each other in order to
detect unauthorized actions or be ready to rescue or render first aid
to the other in the even: of an accident. Personnel working with
solutions of CSM that do not exceed XCSM criteria must read and sign
this S0P.

2. Leaders: (eaders of each operation will be designated Dy the Study
Oirector for that operation. Each leader will insure that the
following are observed: ‘

a. Only authorized personnel meeting requirements set forth in
Scztion 8.1 are allowed in the room during XCSH operations.

S. AC3SM cantrol ang accountability are maintaines,

Revised Fedruary 13, 1531 ST L3
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¢. Adequate, approved, protective equipment is available at all times
to personnel at their work site.

d. A1l leader and technical staff responsibilities specified in the
MREF FSSP are followed.

e. Each employee has been trained in the techniques of adainistering

first aid and self 3id.

. f. Work under this S0P is performed oaly ia the area(s) or room(s)

designated by this 50°P.

g. Mo food, beverage, or tobacco product is consumed, used, or
brought into the laboratory. The wearing of contact lenses is
prohibited in the laboratory.

h. The safety requirements of this SOP, as well as normal laboratory
safety, are maintained.

i. Oecontamination solutions are present prior to handling XCSM.

J. A1l quantities of XCSM that leave the hood or room are properly
contained and labeled.

k. All applicable SOPs are read and signed ty all technical staff
involved in the cperation,

Technical Staff: Techaical staff will de responsible for adbiding by
requirements set forth in Section 8.2. In addition, they must use
personal, protective equipment provided and develop safe work habdits
to protect themselves and fellow workers from injury and to prevent
damage to material, equipment, and facilities. They must not perform
XCSM operations without the presence of & qualified second person.

Research Organization: The organization involved in this research is
the MREr o; 3attelle Memorial [nstitute, 505 King Avenve, Columbus,
Chio 43201-2693.

C. Materials to be Used:

XCSM: XCSM is also referred to as resedrch, development, test, and

1.
: evaluation (ROTE) dilute solutions of CSM. The XCSM solutions that
Ean be used following this SOP are those prepared from the following
M. :
a. Tabun (CAS 77-31-3): GA, ethyl N, N
directhylphospaoramidocyanidate.
Revised February 13, 1390 ‘ ar-—-
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b. Sarin (CAS 107-44-8 or 50642-23-3): G3, isopropy!l
methylphosphonofluoridate.

¢. Soman (CAS 96-64-0 or 50642-23-3): GD, pvnacolyl
methyiphosphonofluoridate.

d. VX (CAS 50782-69-9 or 51848-47-6 or 53800-40-1 or 70938-84-0):
VX, O-ethyl 5-(2-diisopropylaminoethy!)methylphosphonothiolate.

e. Mustard (CAS 5G5-60-2 or 39472-40-7 or 68157-62-0): HD,
bis-dichloroethyl sulfide.

f. Mustard-Lewisite Mixture: HL, a mixture of bis-dichloroethyl
sulfide and dichloro(2-chlorovinyl)arsine.

g. Lewisite (CAS 541-25-3): L, dichloro(2-chlorovinyl)arsine.

2. Solvents and Chemicals: Hexane, acetonitrile, or appropriate solvent.
¥a 1ty of solvent ~ecommended is spectrometric grade, distilled in
glass.

3. Decontamination Materials: Sodius hypochlorite {5 percent solution)
for XHD, XL, XHOL, and XVX. Sodium hydroxide (10 percent solution) .
for G agents.

Equipment: Safety equioped cart, freezer (locked), refrigerator (locked),
Tatex gloves, ladels, first aid kit p!astlc-backcd absorbent paper,
brown paper, 4-L veakers, squirt bctt!es nvp|nq tissues, beakers,

bottles, maxi-vials, pigettes, pipette bulb! tissue paper, naboratory
coat, safety shoes, orotective eyewear, spatula, stainlsss-steel pans,
bubblcr monitors, scissors, solid sorbent traps, glass stir rods,

syringes, needles, forcops. GC vials, drierite, 20-aL scintillation vials,
an air-supplied respirator with air cylinder, 10-m volumetric flasks, and
a vial support block.

Hazards Involved:

1. Anticholinesterase: The hazard from XVX is primarily that of liquid
1njection, ngestion, or absorption through the skin or eyes. XVX can
be lethal if generated in a vapor form in confined or poorly
ventilated spaces. Aithough liquid spills of XVX do not present a
vapgor hazard, this material is very slow to evaporate so that
virtually the entire spill (minus the solvent) may persist as a liquid
contact hazargd for several days.

4. Mechanism of Action and Physiological Effects: These XCSM cause
irnidition of cholinesterase enzyme in the body. Repeated lIow
level exposures to these XCSM ~111 have cumulative effects or
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cholinesterase inhibition. 8lcod cholinesterase is regenerated
slowly and the inhibition effect will last several weeks.
Clinical signs and symptoms may suddenly occur following repeated
exposures, but is unpredictable in time of onset and severity.

Casualty Producing R ..~ * Entry: [nadvertent skin contact with
these XSM is the ac . > ~ cause of laboratory
accidents/incidents. ~ - . 5M absorption rate will likely be

accelerated through -~ ..+ ad cuts and abhrasions.

Signs and Symptoms: T - 7 .t indication of exposure cf

anticholinesterase XCS .. . zuin is likely to be & reaction at
the point of exposure, : - . ' .:alized sweating and/or twitching.
If exposed to vapor from s - .. _f vapor generating system,

pinpointed pupils (missis), « . .r tightness in the chest,
ang/or 3 runny nose will likely be the first symptoms. For other
than these extreme exposures, no sysptoms are likely to be
exhibited. However, under these extreme conditions if the
exposure is sufficient, symptoms may progress beyond the lccal
reaction to produce systemic 2sisoning. The following signs and
symptoms are typical of systemic poisoning; the number and
saverity of which will depend upon degree of exposure:

(1) Nausea--possible vomiting.

(2) Oiarrhea.

(3} wesuness.

(8) Musclg twitching.

(5) Convulsions.

(6) Central nervous system depression.

(7) Coma.

(8) Cessation of breathing.

Exposure Factors: Onsat of signs and symptoms from a percutaneous
exposure may be delayed by the adsorption time. Onset after a
vagor inhalation exposure say de quite rapid, and death may occur
within 10 min. Vapor exposure to the eyes results in immediate
miosis at very low concentrations.

2. Solvents: The solvents used in preparing the dilute material may have
hazards asscciated with their use. A copy of the Material Safety Data

f.--”

Revised Fedbruary 19, 1950 o ’ IR
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Sheet (MSDS) is available in the acministrative area of the MREF or
through 3attelle's Safety Office, 305 King Ave.

a. Hexane: Hexane is a flammabple liquid that must be handled and
stored as a solvent with a dangerous fire risk. The flash point
of hexane is -22.7 C, with an autoignition temperature of 260 C.
The 1988-1989 American Conference of Governmental Industrial
Hygienists (ACGIH) Threshold Limit Values (TLV) for n-hexane is
SO parts per million (ppm) as an 8-hr time weighted average (TWA).
For the other hexane iscmers, the TLV is 500 ppm as an 8-hr TWA
and 1,000 ppm as a 15-min Short Term Exposure Limit (STEL).

b. ‘Acetomitrile: Acetonitrile is a flammable liquid thet muyst be
handled as a solvent with a dangerous fire risk. The flash point
of acetonitrile is 5.56 C. The 1988-1589 ACGIN TLV for
acetonitrile is 40 ppm 25 an B-hr TWA and 50 ppm as a 15-amin STEL.
Also, skin contact may represent a3 significant route of exposure.

Decontamination solutions can cause chemical burns if sodium hydroxide
or sodium hypocholride is left in contact with skin or eyes,

Gloves and aprons made of butyl rubber are flammable and have no
self-extinguishing capability; therefore, care must be taken to avoid
open flame or heat that may ignite thems.

F. Safety Requirements:

1.

Revised February 19, 15%)

Hoods: Hood face velocity must average 100 L 10 1fpa. The average is
computed from individual readings taken in approximately each square
foot of hood face (usually nine readings). In addition, no individual
reading will vary sore than 20 percent from the average. No equipment
will be within 20 cm of the face of the hood.

Protective Equioment: When working with XCSM samples, the following
clothing and protective gear ire required as a minimum for il
personnel.

lab coat

safety shoes

two pairs of latex gloves

protective eyewear . e

In addition, each worker's individually assigned Survivair combination
escape/airline-supplied respirator #ill be readily availadle. All
provisicas of the MREF FSSP apply to the checking and testing of
gloves, aprans, respirators, and other protective equipment,
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3. First Aid: A first-aid kit containing two squirt bottles, one filled
with a 3 percent available chlorine sodius hypochlorite solution and
one filled with water (labeied, dated, and the contents changed every
month), and gauze pads will be located in the room. The location of
tha nearest eye-wash fountain, deluge shower, and fire extinguisher
will be known to all workers before work begins.

G. Procedures:

1. Entry: Before entering the secured farility, mote the status of the
“Agent-in-Use” light at the turnstile. [f the "Agent-in-Use® lights
are turned on, note the roca location and be sure that upon entry to
the laboratory area that all safety equipment and procedures described
in FSSP SOP MREF-18 are in place. Upoa entry of the rvom, confirm
that there are no audible alarms. Mo cperations can be initiated in a
room with audible alarmas. After entry, persoanel will observe the
magnehelic gauge oa the hood. If inspection reveals that the hood has
failed, is marginal in flow, or operates outside the guidelines of
FSSP SOP MREF-21, the problem is reported to the MIEF Manzger and the
operation does not begin,

2. Hood Set Up: Prior to obtaining XCSM, the operatios hood area sust be
prepared with all asterials necessary to perform an XCSM operation.
The hood(s) to be used for any operation with XCSM will contain, as a
minimum, the appropriate decontaminating solutions, waste containers,
forceps, plastic-dacked paper, absorbent tissues, primary container
holder, and XCSM transfer equipment. All of the above materials will
bYe kept behind the 8-inch line in the hoed.

Plastic-backed, chsorbent paper must be used to protect the work
surface of the hood. Five ‘ayers of brown paper will be placed on top
of the absordent paper. Two 4-L Deakers containing & minimum of 2 L
.of decontaminating solution will be placed within the hood.

A vial support block of sufficient size to contain all primary XCSM
maxi-vials ta be used will be positioned within the hood work area.

3. Handling of XCSM: The handling of XCSK is conducted in accordance
with iﬁEF S0P-83-5. The procedures used within this SOP are described
in MREF SOP-83-5 and shall include the labeling (Section G.3),
obtaining (Section G.4), equilibration (Section G.5), transfer
(Section G.6), dilution (Section G.7), transport (Section G.8),
packaging (Section G.9), transfer for use within the MREF (Section
G.10), and securing of XCSM (Section M).

4. Identification of CSM: AIl XCSM samples generated must be clearly
identitied with the tollowing informacion being regarded as the
minimum requirements, . g

' :F"a‘ﬂ\
Revised February 19, 1990 : SRR )
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a. Type of XCSM contained in the sample.
b. Solvent used for CSM dilution.
. Sample preparation date.

d. Sample identification number (e.g., dose confirmation
accountability record book number, page number, and sample number
and their identifiers as necessary, 50003-03-02 Samp. Al).

e. Estimated analyte concentration based on measured agent purity and
dilution procedure. . N

f. Project or task number under which the sample was prepared.

5. Samole Preparation and Storage: Preparation of samples must be

perfo using volumetric glassware, pipettes, and/or aicrosyringes
as required to achieve a resuiting concentration below agent surety
levels (1.0 mg/mL for VX, 2.0 mg/aL for GA, GB and GD, and 10.0 mg/m{
for HO). Preparation and handling of dilute samples is performed in
accordance sith the operational dosing protocol and/or MREF 50P-83-3.
An example of the calculations to determine XCSM concentration of
samples prepared in accordance with MREF SOP-83-3 is provided below.

Example Calculations:

a. To determine appropriate dilution procedure, consider the required
- volume of CSM to be da2livared and the firal volume of the diluent
necessary to achieve & resulting expected concensratisa not
2r¢atcr than the perwmisszable XCSM concentration, sez Section G.d.
or example, if 10 4L of neat VX is dused, confirmation of dosing

accuracy and syringe precision and accuracy would require
delivering the same volume of agent into appropriate volusetric
glassware. To determine the appropriate dilution volume, multiply
the volume of the CSM to be delivered, in zlL, bv the density '
(d » 1.0083 mg/pL at 20 C) of CSM in mg/ul and multiply the
multiple by the purity of the CSM used for dilution. The result
of this mathematical step is then divided by the target
concentration or the maximum XCSM concentration, for VX the value
would be 1.0 mg/mL. The following calculation would hold true for
this example if the working VX purity is 95 percent:

10.0-4L neat VX) (1.C083 mg/uL density of VX)] = 10.083-mg VX
10.083-mg vX)(0.95)] = 9.58-mg VX
9.53-mg VX/10 mL] = .958 mg/mL dilute concentration

Therefore, a volumetric flask of 10 mL or greater would be
sppropriate for this dilution. Cee i,
-8

’_\... faud
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b. All dilute solutions should be kest frozen when not in use. All
XCSM samples and standard solutions are stored double contained at
<70 C in a locked Revco freszer.

Standard Presaration: Instrument calibration standards are prepared
from standarg analyctical stock solutions which have been prepared,
stored, and referenced to SARM as per MREF SOP-88-30. <Calibration
standards must be prepared at three concentration lavels as a ainimum.
Thesa concentraticn levels sust extend over the range of expected
sample concentration. Appropriate standard concentrations and
dilution procedures are to be determined by the chemist at the time of
analysis in order to establish precision limits required by sample
submitter, The standards will be prepared in the same solvent as the
samples unless stability problems in sample preparation solvent have
been deterwined. The reccamended solvent for CSM sample preparation
for GC analysis is hexane. [f standards nsed to be prepared ahead of
time they must be stored at -70 € until analysis.

Instrument Set-Up:

a. The GC must te operated with parameters that will yield the best
quantitative results for the analytical system. These will vary
depending on CSM/solvent combination and concentraticn levels.
The following are recosmended as general starting conditions and
opt:-u- conditions must be selected by the chemist doing the
analyses.

{1) Columm - Several analytica! columns aad detectors have bean
successfully used to analyze the agents listed in this SOP.
Severai sanufacturers of columms and instruments have also
been compared and only minor differences have been oYserved
with al] systems evaluated being acceptable under their
optimal operating conditions. The recommended column is a
general purposs colusm that produces reliadle results with
all agents tested "o date.

General Analyses:

thickness
Carrier Gas: Helium
Velocity : 30 L § cm/sec for Helium
Make-up Gas: 30 L § al/min
Detector : Flame [onization Detector (FID)
Detector Gases: W, = 300 mL/min L 10 wi/min
Afr « 40 mL/min L § ai/min
Injector Temperature: 275 L 10 C

Iih‘lll.lﬁla‘
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Detector Temperature:
Jven Program:

Injection Mode:
Split Flow:
~ Split Liner Packing:

Injection Valume:
Auto Sampler:

MREF
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2s0L10C
Initial temperature = 60 C
[nitial time s 1.0 min
Level | program rate » 15 C/min
Final temperature » 250 C
Final time = 2.0 min
Post value = 275 C
Post time » 4.0 min
Split
120 L 10 al/min
3 percent QV-1 on 80/100 mesh Chromosord WHP
{2 -3 mm bed)
L
Heulctt Packard 7873A or equivalent with cooled
sample tray saintained at 5-7 C.

Analysis of Samoles of GO in 0.9 oercent Biological Saline:

Column:

Detector Gases:

Injector Temperature:

Detector Temperature:
Oven Program:

25 @ x 0.32-em [.0. HP-20 M with .3-um film
thickness or equlvalcnt

Helium

30 L § ca/sec for Helium

30 L 5§ al/nin
FPo «4ith 525-nm phosphorous sclec'ivc filter

s 135 mt/min L 10 al/min
ATe 120 SL/min L S aL/min

s 15 al/ain L 2 al/min
130 L 5 C (Very important for satlsfactory ,
precision and iccuracy of results.)
25L5¢C o
Initial temperature « 50 C
Initial time s 0.5 xin

Level | program rate = 20 C/min

Final temperature » 20( _

Final time » 1.0 min

Post value » 215 C

Post time = 2.0 min

Analysis of Samoles of GA in Multisol:

Column:

Carrier Gas:
Velocity :
Make-up Gas:
Oetector :
Uetector Gases:

1990

2S m x 0.32-mm [.0. HP-20M with .3J-ym film

thickness or equivalent

Helium

30 L S c/sec for Kelium

30 L § nl/min

FPD with 525-nm phosphorous selective filter

Hy = 135 ot/=in L 10 ml/min _

Afe SeERCYE)

s 120 al/min L 5 mi/min
S77%

-

¥
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°Z = 13 al,/3in L 2 m./min
Injecsor Temperature: 130 L 5 C (Very :mportant for satisfaciory
precisica 2an; a. -uracy of results.)
Oetector Temperature: 225 ({ 5C
Oven Program: [aitial tempe-ature = 80 C
Initial time - .5 min
Level | program rate = 20 (/min
Firal temperatuce s 200 C
Final tise « 1.0 min
Post value = 215 C
Pust time = 2.0 min

Injection M:de: Splig
Split Flow: 120 L 10 ai/ain
Split Liner Packing: 10 percent O¥-1 cn 80/100 msesh Chromososh WHP
_ (2.3 we bed)
Injection Voiume: 1 4l
Auto Sacpler: Hewiet! viard 7573A or equivalent with cooled
sample suntained at 3-7 C.

Note: The viscosity of amltisol , . ‘bits reprocucible injections of
samsles using an autosampler. Therefors, samples in multisol
have to be ci1iutad with an appropriate solvent such as
tetrahydrofuran (THF). The semples have been shown to bDe
stable for at least 72 hr afte~ dilution at 5-7 C. The
recoamended dilution is a minizum factor of five for reliabdie
injectien rasulty usin? in autusampler. As previougly stated,
the standérds should also be di'utad using THF.

Analvsis of TGO Samoles i Acetonitrila:

Coluan: 25 @ x 0.32-em [.D. NP-20M with .J-pm film
thickness or equivalent
Carrier Gas: NHelium
Velocity : JU L § ca/sec for Helium
Make-up Gas: 3O L § st/min
Detector : FPO with 525-nm phosphorous selective filter
Oetector Gases: Ny = {15 al/min L 10 sl/min
Afr = 120 se/ata L § al/uin
..... Oy = 1S al/min L 2 aL/min
Injector Temperature: 260 L 5 C (Very important for satisfactory
precision and accuracy of results.)
Ostector Temoerature: 228 L 5 C
Oven Program: [nitral tempersture « 50 C
Inmitial time = 0.5 min
Level | arcgram rate ¢ 20 C/min
Final temoerature ¢ 250 C
Final tiw ¢ 1.0 mn

Revised Fedryary 19, 1350 " ,7-‘.:3
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205t vaive = 215 C
P08t time = 2.0 mn

Injeczicn Mcce: Split for cancentrations above 100 sg/mL
Splitless for concentrations below 100 ug/mL

Spl.t Flew: 120 L 10 at/=;in

Split Liner Packing: 10 percent OV-1 cn 80/100 mesh Chromasord WHP

(2-3 mm beq)

Injection vélumc: 1 4L
Autn Sampler: Hewlett Packard 7673A or equivalent with cooled
sample tray maintained at 5-7 C.

Note: Acetsnitrile has been selected for dilution of neat TGD due to

increased solubility of thickener and agent stability in this
solvent.

Install the prover column into the capillary injector and detector
ports and leak test the joints. [f the column has not bheen in
use, condition at 20 C below manufaciurer suggested maxisum
operation temperature overnight. This myst be done by first
allowing the column to set at room temperature with carrier gas
flow for » 20 %in and then programming to the final temperature at
a slow rate such as 3 C/min. The column can then be left at uppur
temperature overnight. This initial conditioning is required to
insure that oxidants trapped in the column under storage
conditions are removed prior to exposure of the ccluman to elevaled
temperatures. The exposure of the cagillary column liguid support
to elevated tewperatures in the presence of comgcunds sucnh as’
oxygen or water w«ill decompose the statiunary phase of a capillary
column. The exposure of fused s1lica, the material of which most
modern calumns are pregared, to ~ater wil) dissolve the material
and also destroy the column dy producing chemically bonding active
sites within the colum.

Set the temperatures in the heated zones using the GC terminal
using the approoriate example temperatures as listed in
Section 5.5.4.(1).

Set the Jas flcw rates as reccrmended in Section G.§.a.(1) using »
304p buddie floe meter of 4ppropriate range and stopwatch. Set
the carrier veiocily first then turn the detector gases off. The
column velocity 13 measuced Dy injeciing o compound under
conditrong that #1111 yigld an insignificant retention of the
~cupound. A 2y01Cal campound Jsed tI set Column ce'isroes vy
TetRA~E ‘3 S0 ssniriiansg e ogcetne far 7). Tha iillen
veloC . '3 Tessured Dy injest g e Cethane ang 1UMinG R4 tive
requires ‘or e methane or ac2ione 3 ex1t the calumn,  The 200t
of the =e=hane 3r acetine 'S SCATLIred 3y the 1e%42°3r, and anen

- .o

- N k) ‘
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the peak is chserved, the time is recorded. A samole calculation
is:

Column Length in ca
= Carrier Velocity in ca/sec

Retention Time of Methane or Acetong in sec

The coluan velocity must be set at optimud colusn temperature
(mid-range of the operating conditions) since capillary column
velocities change with temperature. Tha recommended temperature
for the recomoeaded conditions is 150 C. Once column velocity has
been se2, allow the carrier gQas to flow continucusly through the
column during the remsirder of the amasurements. [t should be
roted if a carrier gas other than helium is used, a Yan Deeater
Curve for that gas should be reviewed to establisn the optimum
velocity.

e. Attach the flow meter tc the gas outlet from the detector with tha
carrier gas on and all other gases off. Measure the column flow

rate and record as this will need to be subtracted from all future
ssasuremnts to get actual flow rates.

Examole Calculaticn for Flow Rate:

(i.e., for a tims interval of i$ sec to achieve a volume of 10 ab
the following :a!wy!;:ioa wou'ld be perforaed)

Formila foe cetamminiag flow rata: |

Fiow r2te in sL/ain » Yolume
Tioe !nm’
15 sec ‘

B secsan 28 e
7‘%;:';_; e 30 ai/nin (flow rate)

f. Adjust and reveat measurements until the prescrided value fs
reached sudbtricting the carrier flow rate frem the odserved flow
rate to get aciuel flow rates.

g. Repest seasurement procedure to set hycrogen flow rate.

h. Regeat mersure=e~? Jrscazure 23 38 sir flce rite,

i. With jases on, ignmite he FID or F20 flame Dy Zleoressing the ‘lame

1gn12ion Satisn.  Uerify flame 1gmition dy checkity far cimttmucys
. . - 4PC™
Revised Fedruary %, 1333 P! n.VED
# e e !
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csnd2asaz:ca on 3 ¢old surface (e.3., dirrar) at the efflyent
cutlet on <ne 71 or FPO.

. mhen the flame has deen ignited, turm on the FID or FFO
elecironics and allcw 20 min for systesa equilibration.

k. Xey 'n e following set points on the integrator terminal if
avairlable. (f a strip chart .s used, refer to instrument manual
for connections. Typical setlings are:

1. [Integraticn Method: Area percent
2. Attenuaticn: (2)3

3. Percent Offses: 10

4. Peak #idih: 0.08

$. Thresnold: 4

6. Run Time: 15.0 STOP

7. Chart Speed: 0.5

8. Detec2or: on

These set Joints are only guidelines, dut entering values for
these parameters 13 4 2inimum requiresent for integration.

1. Plot the FID or FP9 signal on the GC recarder. lero the plot on
the tersinal or strip chare recorder 33 that the daseline is at
®» 10 percent offset.

8. Analvsis of Samples: Standards and sampie soluticns ere analyzed
using the same precedures.

9. Calcylat cn Pracec,reg:

8. ldentify the (SM Cesk 1n the sasple and standard Znrematagrams;
record the jeak ares,

b. To calculate he concentration of the XCSM samoles, canstruct a
calidration curve dy 4doing 3 linear regression of stincard
TINIITTAALIIN 45 5andard Jedx ares fir 3l Zircentraticn levels,
then ‘1t *me 51-5'e Deak areqd 23 the “urve 5 catdin
cancentras cn, :

10. GQuality Z:nee-s’:

Revised Fedrua-y !9, .30
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a. Each st2o in the anmalysis of stancarcs and samples must be dene
reproducibly %9 achieve jcod precisicn and accuracy. This
incluces arenaration of dilyte soluticns and ns:rument operation.

b. The sarplas are to Se injected a ainimum of three times each with
an averige resycnse used ta detarmine the purity measurement. The
relatise stangard cevraticn far 3ny set of injections must not
exceed 10 percear. [f the reiative standard deviation exceeds
10 percent, the experiment myst be repeated entirely pricr %0
acceptance of data.

c. The FiD is @ general purpose 30 cetactor. The deteczor is linear
over an exiremely larce ranje anizh makes it w~ell suited for this
type of analysis. [In additicn, the detector is general gurpose in
that it Zetacss almost all zharcmatsgrapnaple material with two or
mcre Caracn atzms. Hcwever, due ta the non-selective nature of
the cezaztar, the desecticn of interferences may he encountered.
Therefore, each new tyde of testing shouid D¢ drecaded by
exger:mentation 3 determine wnether ary interferences are present
and if so, to 1dentify and ccmoensate for them.

d. 3lanks “ar solvents aust de cmecked and hMiga surity solvents such
as diss:lleqd in 3lass are reccomenced. An analysis of the system
blank must Se studied uncer :ne same zest Cundrticns {firse
without CSM present and then «::h [IM sDvie) and cimpare the
cheomanzorams.  Svaluane fhe 13173 IrD ke ANy NETE3SACY
carrezs s, -

e. if intgrfererces present & drosiem. tnea analytis using a Mass
SEECeTImessr Sar the 2£78CT'I4 553127 '3 reccrmenced 9 that
interfareaces 230 Se cInfirmes ard 3253100y 1dent:fteqd a3 saleent
impurtsies ar CSM mpurriies. A mass spectiromecer should also de
used orer 1m2cally estaniisaing 3 cancrtiong 2o insyre that the
ChArOmatIgriznIs Seax Se'ng veasured urhng durity analyses 13 the
CSM of 1nterest and 10t an tMcurtly.

11, Ingt=mens Sh tolcme:

4. when %%e rasirument 1§ 10t %3 le user ‘or extenleq Zer:ods of
time, e Sysiem mis? Se hu? Iten f3llceing wenufactures's
1Instructicng 0 tngure 23luma ofe angd instrument stad:lity,

B, 8@ s.re ™3t sufdvzant 33eg tre susalied ‘ar cantimugus flow of
TIre e 1R %2303 15e5 I the Jenc3d 3F LUTe ttat the 5y5ten
will se ;n3%tances,

»0&'
('J 4 d’»‘d
.." : ‘.LJ ‘.
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Ir we2¢2nd shut-down, follcow the same procadyre but olso
x1inGuisd the detector flame if appropriate Dy shutting of 7 the
2%2CIor jas valves.

€2 b M

H. Cecaniimination: Proger protective 2quigment and clothing nust be
ut1i1223 Tarcugncut tnese aperations n accordance with FSSP SOPs MREF-23
and/or MRZF-25. Al atsorSent material covering the hood surfice will be
placed ir the lecontaminating solution after eacn cperation. w1l
disposadiz jlassedare 1n hoods «ill Se sucmersad 1n the 3ppropriate
cecontamirat:ng soluticn (5 percent availapie cnlorine in a sadium
Nypocalsrete salution ar 10 sercent scdium mydraxide solution in water)
overnizni. All non-dissosable glassedare in ncods w=il1i Se filled with the
appropriate Zewantaminating solution (3 percent availadle chlorine in a
sodiua hypecrlorite solution or 10 percent scdium hydroxide solution in
water) ovartignt., Matarials left to scac in decanzaminating solution
overaiznt w11l de removed frcm the hood on the next w~ork day. The
glassmare, eguicment, or non-expendal'e materials are rinsed w~ith watar
and remcv22 frca the hcod. Expendaple items may be placed directly inta a
pri®mary olastic 24g ~ithin the hocd. The primary plastic Sag is then
sealed ~1:h achesise tace and alaced inside another plastic Dag, ~nich is
then sealed ~1th achesive tape to provise zcudle containment of
decontaminated “atervals.

3ags of ~ast2 Tust Se labeled °Tontaminated Materials® with tyoe of XCSM,

the contam rates maertals in accordance eith MREF S0P-33-3, Section H,
The Scusie-contitaed macerials can thea Ye incinerated,

(csntaitt~g 3 ceszant sidium hypcchlortte ar 10 Jercent scdium aydroxice)
lecated wr2min tne necd 13 gently poured or swatded with sOaked adsordent
pacer ne's ~1ta ‘arceds on the ares in an mount that is at least tenfold
in excess 3f ne sprll. This contaminated Jecsntamineting sclution is
aDsorses #1170 1121ImEzecus e3rch or other absorsent and ldesas:ted into
doudle 3Tas2:¢ 2ags. The cleaning/apsarption pracecure 15 receated igain.

[, E-erse~c, J-ccec.rag: [f an (CIM $1°1 3sczurs, decantamination salution

[n the gsent 3¢ amy 1nCicent or exposure, the VST Vansser 3r nis lesijnee
nust Je i frel rmmediately. ,

J. First A12 d-ucedyrag: Make sure that you protec: yourself from
Contamindzian 2y the casualty. Mask 1f 1a Joubt. Personnel expcsed 3 a
tox1C 37292 w11l De removed 'mmediate’y %0 4 Shower 3rea arere .asning ang
1P 300 11% I2 Intvrstarad By C3-acriers. [f thare 15 oany juest:icn
aZSut e scurty oY Isntamination, DlaZe the /12210 urler the 2Terjency
$NCwer. 443D 1Te /1CLIM down with 304D; d0 NOL SCruD a3 thiS My #1nance
penesrat sn.

Pev13ed Fasr.e, 13 1310 ' R,

-

g

o

' date of ta33:ng, dag 1lentification number, and name of Je~son packaging
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Emergency Treatment for Specific Tvpes of XCSM:

YV and G XCSM:
(1) Oecontaminate when the source of contact is certain.

(a} Transfer the victim to a clean ared and thoroughly
decontaminate with § percent sodius hypochlorite only in
the areas below the eyes in the position in which the
victim is being held. Wash skin at once with diluted
chlorine-type bleach ind rinse with copious amounts of
water. Rinse eyes with water only; rirsing & minimum of
10 min at the eyewash fourtain. Qecontaminate with dry
tissue or absorbent paper followed by water 1n areas
close to the eyes.

(2) Decontaminate when source of contact is uncertain.
(a) Place victim in shower end remove clothing.

(3) If victim has sysptoms of anticholinesterase porsoning beyond
®iosis, inject him with the contents of the atropine/2-PAM
autoinjecters at intervals of 5-10 min up to 4 magimus of
three injections. Note time of each injection on the victim
for reference by physiciina.

(4) §f victim has stopped bresthing, employ resuscitation with
the ambu-bag immediately. Use the atrccine autdimjeciors
after you have successfully succeeded in restoring
respiraticn,

M and L XCSM:
(1) Oecontamination when the source is certain,

(a) Transfer the victim t3 & clean ared ang thoroughly
decontaminate with § percent sodium hypochlorite only in
the areas belcw the eyes in the position in ~hich the
victim is Sewng held. Wash skin at once with diluted
chlorine-type bleach and rinse with copious amounts of
water. Rinse eyes ~ith water only; rinsing & minimum of
10 min at the eyewash fountain, gcccntanincte with dry
tissue or absordent paper followed vy water in areas
close 20 “he eyes.

(2) . ace viczim in shower and remove clothing.

Revised Feuruary 13, 1393
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The decontaminated individual is trmsported by ambulance to
University Hospital.

3. In the event of any exposure, the MREF Manager or his designee must be
summoned after the immediate emergency is taken care of and informed
of the exposure.

- s 2w 3 o,
A

TLH:cah
AFTIOVED.
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STANDARD OPERATING PROCZOURE
MREF SOP-39-53

TITLE: Analvsis and Structural Verification of Atropine in Citrate Suffer

LABORATCRY: MREF, HML, or Xing Ave. SOP APPROVAL DATE: 02/26/90

PLACE OF OPERATION OR TEST: Ay safety acoroved labgratorv within the
facriities

This Standard Operating Procedure (SOP) has been prepared as prescribed by
Contract CAMD17-89-C-5050 and will be erfective for one year from date of
appraval unless sooner rescinded or superseded. -

No deviaticn frem this SOP will be permitted. Whenever the approved method is
changed, the SCP w#ill be revised.

Supervisory personnel will assure that all personnel invelved with this SCP
have been properly trained and instructed in its provisions and attest to this
requirement Dy affixing their signatures on piage 3.

A copy of this SOP will be posted at the job site whenever the uperation is
being performed.

/. ’ /- / /
Sutmitted By: - /,«é_«v Rr2e /) Ps

‘ Cdigndture/date

Timothy L. Haves Research Scisntist
rrinted Name/(1tle

NN

Approved B8y:

Manansp

VY S R
Approved By: ./ 2y et S@Z 2/3.52,
gnature/Date

Ravid L. Stitewer, (M. Safety/Syrety Qfficer

Printed Name/Title

p‘.- 3 Iw
Revise? Fedruary 20, 1390
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ﬁu:[wQ Am 222495

Signature/Date

Quality Assurance Unit

Health and Environment Grou
Printed Name/Title .
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Signature/0dte

Charles K. Burdick, Director
Total Quality Program

Health and Environmental Grou
Printed Name/Title
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MREF

S0P-89-55
Fedbryary 27, 1989
Page 3

Signature Qate Signature
/?/Zi{.ﬁy‘n/ Sy
I o d/a/n
lb ‘//‘/7 ;
k’v«-ﬁ a. 4/ 2—1’9_

/ (e 4/ z'/ ;':

/'i-===dl.Cn=a=n' | R— qu(gg

/ J

Aevised Fedruary 29, 1530




MREF

S0P-89-55
Feoruary 27, 1989
Page 4

STANDARD OPERATING PROCEDURE 39-55

Analusis and Structural Verification of
Atropine Base in Citrate Buffer

Statement of Work: This SOP describes the entire procedures for
verification of identity and quantitative measurement of atropine free
base by high performance liquid chromatography (HPLC). The procedures for
structural verification by nuclear magnetic resonance (NMR) of atropine
present in drug formulations are also described. The HPLC effort can be
conaucted at either the MREF, NML or King Avenue, but the NMR requires the
facilities at King Avenue.

Responsidbility:

t. Personnel Qualiyications:

All technical staff will be familiar with hand!in? hazardous materials
within the laboratory. Personnel performing the following procedures
must read and sign this SOP.

2. Leaders: Leaders of each operation will de designated by the Study

Director for that operation. Each leader will insure that the
following are observeq:

a. Only authorized personnel meeting requirements set forth in
Section 8.! are allowed in the room during operations.

b. Adequate, approved, protective equipment is availadle at all times
to personnel at their work site.

e, All leacer and techniclyl staff responsibilities specified in the
MREF or WM, FS5S? are followed when eork i3 conducted at the
resaeccive latorstories.

d. E3ch MREF and W emloyee has deer trained in the technigues of
administering first aid and self aid.

#. wWork ur2er this SOP s aerformed only in the area(s) or rocm(s)
Zes-gnated dy thrs SCP.

Revised Fedruary 20, 1990 ‘ Apcch,E:
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f. No food, beverage, or tobacco product is consumed, used, or
hrougnt into the laboratory. The wearing of contact lenses is
prenibited in the laboratory.

g. The safety requirements of this S0P, as well Js norma! laboratory
safety, are maintained.

h. All applicable SOPs are read and signed by all technical staff
involved in the operation.

Teciinical Staff: Techaical staff will be responsible for abiding by
requirenents sat forth in Section B8.2. [n addition, they must use
personal, proisctive equipment provided and cevelop safe work habits
to protect themselves and fellow workers from injury asd to prevent
damage to material, equipment, and facilities.

Research Oraanization: The organization invalved in this research is
the MREr of dattelle Memorial [nstitute, 505 King Avenue, Columbus,
Ohio 33201-2633.

Materials To %e !seq:

i.

Revised Tedruary 20, 1330

Solvents ind Chemicils: The atropine sulfate $diid which will be used
on this program ror preparation of amalytica: standards will be
provided by the U.S. Army Medical Resaarch and 02.e'zpmes+ Command
(USAMRDC) or a source which can prov.de an estiblisned purily.

[f the atropine 2osing solution is not received in & pre-gickaged form
upon receipt, the atropine <osing solution in citrate duffer ml] be
stored in suSdued lignting at 3 C. [f a pre-packaged for? has deen
received, it #1]1] be stored as directed dy the supplier.

N ccectra #4111 de odbtained on dilute solutions of the drug dissolved
in > 39.3 percent deuterium oxide (Stohler [sotope Chesicals or
equivalent). ™R tudes will be the Stohlier [sotape Chemicals “Ultra
Precision® wode! or the equivalent mode! frum other manufacturers.

Other matertals #ill include acetomitrile {Burdick and Jackson HP.C
Grade), =etharo! (Jyrdick and Jicksom HPLC Grace), Denzese (Burdick
angd Jackson WPLC Grade), deionized water or millipore eater, glacral
acetic ac:3 (Baker Reagent Grade), tetrabutylesmonium chigride
(Aldr:ch 98¢ percent), sodium laury! sulfate (Aldrich 98 percent),
sodiua heotane sulfonate (l-heptane sulfonic acid, scdium salt)
(Aldricn G« sercent), tetrymethylormonium chliorice (A'3rich 38
percent), ard nelium or mitrogen gas.

\
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0. Egquipment: Freezer, refrigerator, labels, first-aid kit, plastic-backed,
a0sorpent paper, squirt bottles, wiping tissues, beakers, Lottles, maxie
vials, pipettes, pipette buyldbs, tissue paper, laboratory coar, protective
eyewear, spatula, stainless-steel pans, glass stir rods, syringes,
needles, forceps, and latex gloves.

Proton NMR spectra will be obtained on Battelle's Varian CFT-20 Fourier
transform NMR spectrometer located in Room 7237-A of the King Avenue
facility.

The HPLC analytical system, to be used consists of the follewing: HPLC
pump, HPLC ultra violet (UV) detector, HPLC injection system
(autosampler), analytical column, strip-chart recorder (optional),
electronic data system. Any equivalent system may be used once
confirmation of performance has been established.

E. Hazards I[nvolved:

l. Solvents: The solvents used in preparing the dilute material a3y have
hazards associateqd w~ith their use. A copy of the Material Safety Data
Sheets (MSJS) is avai'-Fle from the manufacturer or through Bactelle's
Safety Office at 505 r ; Avenue. A drief listing of hazards
4350C1ated «1th handling the more commonly used solvents has been
included:

A, Acstonmitrile: Acetonitrile i3 a flimmable liquid that must De
RanaTed a5 4 solvent with a dangerous fire risk. The flash point
of acetcnitrrle 1s 5.38 C. The 1688-1589 ACSIH TLV for
scetonizrile 1s 30 parts per million (ppm) as an 8-hr TWA and
50 pem as a [S-mim STEL., Skin contice nay alsd regresent a
significant route of exnosure.

b. Methanol: Methanol it 2 flammadle liquid that must be Mandled as
3 501/ent w1th a dangercu; fire risk. The flash point (ocen cup)
of methanal 15 12.2 C, with an autorgnition temperature of 363 C.
The 1588-1389 3CGIN TLY for methanol is 200 ogm as an 3-hr Twd and
250 com a3 3 !5-min STEL. 3lsa, skin cantace Tay represent 3
$131:41c390 raute of exgosure.

C. Benzere: Jenzene is a flammadle liquid that must be handled as a
507sent «3th 2 dangerdus fire risk. Senzene is toxic dy
ingesticn, 1nnglation, and skin adsorotion. Genzene is requlated
18 3 217Crncgen Jv the Tciupaticnal Sarecy ang deaslon
Acinisiraeion (0SAA) resulting 1n excess leukemra. Cintiinars
TSt Sdy 'CANGER CONTAINS 3ENIEYE CANCER HAZARD.* QSHA 3enr
permiss:die excosure limit (PEL) o | prm, Action Level » 0.3 agm.

Revised Fedruary 23, 13550
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F. Safetv Requirements:

1. Hoods: Hood face velocity must averace 100 = 20 Ifpm. The average is
computed from individual readings taken in approximately ‘each square
foot of hood face (usually nine readings). No equipment will be
within 20 cm of the face of the hood.

2. Protective Equioment: When woriing in the laboratory, the following
clotning ang protective gear are required as a minimum for all
personnel. This equipment must be used as directed in the FSSP.

lab ¢oat -~
latex gloves (as needed)
protective eyewear

All provisions of the FSSP apply to the checking and testing of
gloves, aprons, and other protective equipment.

J. First Aid: The location of the nearest eye-wash fountain, shower, and
fire axtinguisher will be known to all workers before work begins.

G. Procedyres:

1. MREF Eatrv: Bdefore entering the secured facility, note the status of
the ‘Agent-in-yse* light at the turastile. [f the "Agent-in-Use”
lights are turned on, note the rocm locaticn anu be sure that upon
entry to the laboratory are3 all safety equipment and procedures
described in FSSP SOP MREF-13 are in place. Upon entry of the room,
confirm that there are no audible alarms. No operations can be
invtiated in a rocm w~ith aucdible alarms. After entry, persannel will
cbserve the magnenelic gauge on the hood. [f inspection reveals that
the hood has failed, is marginal ir ftlow, or operates outside the
guidelines of FSSP SOP MREF-21, the problem is reported to the MREF
Manager and the operation does not Jegin.

2. hood Set Up: The operation hocd area must be prepared with all
materiiis necessary to serform the operation prior to starting the
cperat:cn. Ali materials will be kept denind the 3-inch line in the
hooc.

3. Sampla Prenaration: The drug formulation samples provided for
analysic ~1i1 De manipulated so tnat the interference of solvents and
gther zzmoznents associated with the samples :5 minimized to provide
relatively sure drug samples for NMR analysis.

Revised Fedruary 22, 1560
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HPLC analyses may be performed on either the dosing formulations as
received, Jilutions of the parent materials, or on reference standard
solutions of known oncentraticn, '

a. Analvtical Refarence Standard: Solid atropine sulfate standard
used as a rererence matarial is dri=2 at 100 C, 0.4 =m Hg for 3 hr
prios to use in a vacuum oven. This is performed by placing the
solid material contained in its original container which has had
its cap removed into a pre-heated oven. The oven is sealed and
the vacuum adjusted to 0.3 mm Hg. ’ . :

b. NMR: For the NMR sample preparation, 1 mL of test sample is. made
basic with 2.0 mL of 0.1 M sodiuas hydroxide to reach a pH of
approximately 13 (verified by color pHast paper). Tris solution
is stirred rapidly with benzene (5.0 mi) for 15 min and then
poured through wWhatman lps phase separation paper (with 1.0-mL
berzene rinse). The filtrate is stirred for | min with 2.0-mL
deionized water and this mixture is passed again through a fresh
phase sesaration paper (with 1.0-mL benzene rinse). The benzene
filtrate is evaporated in a rotary esviaporator to yield atropine as
its free base. The sulfate is reformed by adding a slight molar
excess of dilute 0,505 in 0,0 to the free base.

NMR samples are prepared by transfer of the deuterium oxide
solution and transferred into an NMR tube (tube capped after
transfer) for HMR analysis. :

€. HPLC Analvsis: Samnles are either analyzed directly or can be
diiuted s0 tnat the expecied concentration range is between Q.1
and 1.0 mg/mt. .

3. Preparation of Standard Solutions: Standard soluticns of atrcpine
sulrate are prepareg ror NMR rerfesrence spectrum 3and HPLC standard

curve determinations.

a. NMR: Within a glove bag thoroughly flushed with dry nitrogen or
argen, ~eigh 10 = 0.1 =g of atropine sulfate onto weighing paper.
Transfer the samole int3 a screw-capped bottle and clase tightly.
Outside the bag, dissolve the sample in an accurately measured
volume of 10.0 L of deuterium oxide and recao the hottle to

"minimize the contamination of the sample with undeuterated

moisture,

b. HPLC: wergh S0 = 0.1 mg of atropine sulfate onto ~eighing paper.
Quantitatively, transfer the sample into a 50-mL volumetric flask
containing approximately 10 mL of modile phase (see Section G.6.D)

Revised Fepruary 29, 1990
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ilix the soluticn thoroughly on 3 vortex mixer. Gilute to $0.0 aL
with the mobile phase and remix the solution. The resulting
concentration of the atropine sulfate will be approximately

1 mg/ul. :

Mix and dilute the atropine sulfate stock solution with cthe mobile
phase as follows: ‘

10.0-mL stock + 0.0-m_ modile phase
5.0-ml stock + 5.0-mL mobile phase
2.5-mL stock + 7.5-mL mobile phase
1.0-mL stock + 9.0-mL modile pnase
0.0-mL stock + 10.0-mL modile phase

The atropine sulfate concentrations obtained are 1.00, 0.30, 0.265,
0.10, and 0.0 mg per mt..

Oiluted standard solutions are kenst refrigerated until use.
Standards may be kept refrigerated for up to 30 days.

5. Analvsis Start-io: NMR is performed to verify the structure of
atropine sultate. HALC is performed to quantitatively determine the
concentration of atropine sylfate and confirm the identity of the
atrogine in the samples,

a. NMR: Calibrate the HMR instrument and data systew according to
instructions in the gperator's @manual.. when property calibrated
against the standsrd reference solutions icentified in the manual,
procead with the anaiysis Section G.7.a.

D. Quantitat:ve YBLC: Prenare HPLL modile phase for quantitative
analys1s dy dissolving 2.2 g of sodium heptane sulfcnate
(l-heptana sulfonic acid sodium salt) and 2.7 g of
tetramethylammonium chloride in approximately 90 mL of deionized
water. Add 1.0 m of glacial acetic acid and dilute to | L and
mix. Filter duffer solution before using.

The 2c91le phase may Ye estadlished uysing a gradient systom w~ith a
78 percent buffer : 2 cercent methanol : 20 percent acetonicrile
ritio or mixed orior to analysis. To mix ti.e mobile prior to
analysis, acd 730 m. of the buffer nrepared above to a l-L glass
bottle, add 0 oL of methanol and 230 mL of acetonitrile and mix.
Cnce tne syffer has Seen gresared, it nust de filtered ang used
wrthin 30 days. :

Revised Fegruary 23, 1359 .A"PRCVEI
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Insuire that the appropriate analytical column has been installed
the analytical system, and that the injector is equipped with
at least a 20 sL sample injecticn lecop.

Al)l mobile phase nust be filtered and degassed for at least 5 min
with nitrogen or helium, prior to use.

The detector and the pump must be turned on for a warm-up period
of at least 15 min prior to system evaluation. The pump flow must
be set at 1.0 mL/min during the warm-up period. After
approximately 15 min, measure the flow for 5 min with a 1C-mL
graduated cylinder. The flow rate must be set at 1.0 = 0.1
al/min, Adjust the flow rate setting on the pump controller if
necessary to cbtain an actual flow rate within these limits and
re-check flow. .

After the pump has been on for 30 min, adjust the detector zero
with the balance control with the detector attenuation set at the
appropriate attenuation. Adjust the recorder to electrical zero
at “0“ chart units. Adjust the detector zero to slightly above
the electrical zero position with the recorder balance contral.

HPLC Identity Confirmation: Prepare HPLC mobile phase for
1dentity contirmation by adding 6.0 g of sodium lauryl sulfate and
1.0 g of tetradbutylammonium nitrate to & l-L volumetric flask and
dissolve the reagents in approximately 500 ml of deionized water.
2ad 20 =L of glacial acetic acid ts the soluticn and mix. The
volumetric flask is filled to the <L mark and tha so'ution
re-mixed. Filter the solution with a § z» filter and store in a
ciean glass bottle. Use within 30 days.

The mobile phase may be established using & gradient system with a
60 percent buffer : 40 percent acetonitrile ratio or mixed prior
to analysis. To mix the mobile prior to analysis, add 600 mL of
the buffer prepared above to 2 l-L glass bottle and add 300 mL of
acetonitrile and mix. Qnce the buffer his been prepared it must
be used within 30 days.

[asure that a Supelco LC-! column or equ'valent has been connected
to the injector and detector and the injector is equipped ulth a
20 4l sample injection lo.,

All mobile phase must de degassed for at least § min with helium
or nitrogea prior to use. ’

3
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The detsctor and the pump must be turned on for a warm-up period
of at least 15 min prior to system evaluation. The pump flow musc
be set at 1.0 m/min during the warm-up period. After
approximately 15 min, measyre the flow for 5 mia with a 10-ml
graduated cylinder. The flow rate should bde 1.0 = 0.1 mL/min.
Adjust the flow rate setting on the pump if necessary to obtain an
actual flow rate within these limits and re-check.

After the pump has been on for 30 min, adjust the detector zero
with the balance contrel with the detector set at the appropriate
sttenuation. Adjust the recorder to electrical zero at “0" chart
units. Adjust the detector zero to slightly above the electrical
zero position with the recorder balance control,

Analvsis of Samples: NMR is performed for structural confirmation.
HPLC standards ana collected samples are analyzed to determine
concentration and ideatity confirmation.

MR: Multiple acquisitions (> 100 transients) are generally
required. 3pectra will be printed on standard NMR paper and
computer referenced to the chemical shift of sodiua
2,2-dimethyl-2-3ilapentane-5-sulfonate determined on the same day
to facilitate interpretation.

Quantitative HPLC: The following is a set of HPLC conditions that
have been found to be satisfactory for quantitative analysxs of
atropine suifate by HPLC (reference |):

Column: (18 u-Bondapak or equivalent, 250-em long x 4.5-mm inner
diameter with 3 sicron particle yize.

Mobile Phase: See Saction G.6.b
Detector: UV 5 260 na

Flow Rate: 1.8 mL/min
Injection Volume: 20 4L

For quantitative analysis of atropinc sulfate samples, transfer
1-mL duplicate aliquots of each atropine sulfate standard to

~autosampler vials and place the vials in the autosampier in

ascending concentration Jrder. Set up the dat® system to acquire
data far each standard as described in the instruction manual.
Transfer l-m{ duplicate aliqucts of each sample to autosampler
vials an¢ place the vials in the autosampler.

Revised February 29, 1970
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For every ten sampl .o be analyzed, one blank sample and one
standard must be anaiyzed as a minimum. All samples must be
analyzed undsr the same conditicns as used for the standards.

€. HPLC Identitv Confirmation: For confirmation of the identity of
atropine sulrate by WPLC, & second set of HPLC conditiong is
empioyed. The following is a set of HPLC conditions found to be
satisfactory for the confirmation of atropine.

Column: Supelco LC-1, 250-ma long x 4.5-em inner diameter, with
5 mic~on particla size.

Mobile Phase: See Section G.§5.¢
Detectcr: UV 9 254 mm

Flow Rate: 1 m/min

Injection Volume: 20 sl

For confirmation purposes, analyze an atropine sulfate standard
and a sample from the formylation under these HPLC conditions.

7. Instrument Shut-Oown:

d. When the instrument is not to be used for 2xtended periads of
time, the system must be shut down following manufacturesr's
instructicns td ensure column life and instrument stadbility.

b. For overnight shut-down, turn off the UV detector, chart recorder,
and pump controller, '

€. For weekend shut-down, fillow the same procedure as for overnight
shut-down but 2lso cap off the analytizal columm to prevent the
solid phase from Srying.

8. Data Reduction: The NMR spectra obtained in Section G.7 are compared
to reference VMR spectra for atropine to verify structural identity.
The HPLC samples analyzed in Section G.7 are compared with results
ocbtained from known reference standards to determine concentration.

4. M¥R: (ompare the NMR spectrum for the sample with the spectrum
obtained for the atropine sulfate reference standard. Verity
correspondence of chemical shifts, multiplicities, and intensities
for structural verification in conjunction with HPLC findings.

Revised February 20, 1990
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b. Quantitative HALC: Qbtain printouts of the peak areas for each
stangard and sample as described in the Jata system instruction
manual. Prepare a standard curve from the peak areas versus
concentration of the standards.

Determine the atropine sulfate concentration in the samples and
control standards using the standard curve. [f necessary, correct
any dilution made to the samples prior to analysis.

[f the resgonse for any of the control standards varies from the
predicted response by more than = 10 percent, then the sampics
associated with that standard are raanalyzed.

C. HPLC ldantitv Confirmation: KPLC confirmation of the identity of
atrepine sulfate 18 pertormed by analysis under a second set of
KPLC conditions. Compare the retention times and relative
responses of the atropine sulfate reference standard and sample
peak for structural confirmation in conjunction with the first set
of HPLC results and N2 conclusions.

H. Erergency Procedures: All personnel involved in the HML or MREF
Taboratory operations, sust be familiar with the respective laborato
FSSP, and the emergency procecdures detailed within this document. Al

persornel involved in the King Avenue operation must be familiar with HEG
H/SP 8-01 and the emergency procedures detailed within this document.

[. Firgt Aid Procedures: First aid and self aid aé the MREF are to bHe
TONJucted as specitied in the 7SSP.

Ce
.

References,

1. “Assay of Formuylated Atropine Solution, WR-8281AK, 8107753, Lot
No. RU7144," Report No. 527, Contract No. DAMO!7-85--5131, SR!
International Project No. 8504, QOecemder 10, 198i.
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STANDARD OPERATING PROCZDURE
MREF SOP-39-64

TITLE: Analvsis of g l-(2-Hvdroxviminomethvlovridinium)-2- (4-Carboxvamido-
pvrigintuml-0imetny ther Dichloride ‘Methviene-dis
{({Hvaroxviminometnv])Pyridinium| Oichloride (MMB-4) Using Hign
Parrormance Liguid Chromatograpnv (HPLC)

LABORATORY: MREF HML or King Ave. SOP APPROVAL DATE: June 16, 199D

PLACE OF OPERATION OR TEST: Any safety aopraved laboratory within the
- dporoved facilities

This Standard'Operatinq brocedure (SOP) has been prepared as prescribed by
Contract DAMD17-89-C-3050 and will be effective for one yesr frum date of
approval unless sooner rescinded or superseded.

No deviation from this SOP will be permitted. Khenever the approved method is
changed, the SOP will be revised.

Supervisory personne! will assure that all personnel involved with this SOP
have been properly trained and instructed in its provisions and attest to this
requirement by affixing their signatures on page 3.

A copy of this SOP will be posted at the job site uhcncvcr tho operation s
being performed.

Submitted 8y: 7:?’ //é?ﬁ- 9/7/,;&

Signature/date
Timothy L. Hayes. Principal Research Scientist
Pri tsg\::ae7fitlc

Approved By: ._——:’rQ_

ugnacure ate

Garrett S. 0ill, _D.V.M. _Manager
Printed Name/TitTe

Approved By: /ﬂ: "@ , 6/,0/%4
ignature/late /7 /

David L. Stitcher, CIH, Safety/Surety Officar
Printed Name/litle

APPRCYED
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ULt oo

Signature/Date

Quality Assurance Unit

Health and Environment Grou
Printed Name/litle

. ZI&“:g K/W ¢/a JGo
1gnature/Uate 77

Charles K. Burdick, Director
Total Quality Progras
Health and Environment Grou
rinted Name/litle

APPRCYED
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[ have read and understand the contents of MREF SOP-39-64.

Sicnature Date Signature
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STANDARD QPERATING PROCEDURE 89-64

Extraczicn and Analysis of 2z 1-(2-dydroxyiminomethyipyridinium)-2-
(J-Car:oxyamido-ayridiniua)-Dimetnyl Ether Dichloride (HI-5) and
1,1'-Methylene-3is [4-(Hydroxyiminomethyl) Pyridinium] Oichloride (MMB-d)
Using High Performance Liquid Chromatograpchy (HPLC)

Statement of work: This SOF describes tne method for the determination of
2 1-(Z-nydroxyi1minomethylpyridinium)-2-(4-carboxyasido-pyridinium).
dimethyl ether dichlorice (HWI[-5) and 1,1'-methylene-bis
[4-(hydroxyinincmethyl) pyridinium} dichioride (MM@-d) in dosing samples.
The prepared sample is analyzed by high perfarmance .liquid chromatoc-aphy
(HPLC). The samnle preparation and analysis sethods detailed here were
developed in support of pharmacokinetics studies performed at Battelle's
Medical Research and Evaluation Facility (MREF). This method uses HI-5 as
the 1nternai standard when analyzing for MM8-4 and MM8-4 as the internal
standard when analyzing for HI-6. Onaly samples containing one of the
analytes can be analyzed using this SCP.

Responsibility:

All technical staff will be familiar with the safe Mandling practices of
chemical materials within a laboratory. Personnel performing the
follcwing procedures aust read and sign this SOP. They must use personal,
protective equipment required Dy the Facility Safety and Surety Plan
(FSS?) while working within the MREF and develop safe werk habits to
protec: themselves and fallaww worikers froe injury énd to prevent damage to
materigl, equipment, ard fazilities. '

The organization involved im thig research is the MREF of Battalle
Memorial [nstitute, 505 King Avenue, Columbus, OH 43201-2693.

Materials To 8e Used: Potassium phosphate dibasic, l-heptanesy!fenic
acid, triethylamine, acetonitrile, methyl alcohol, trichloroacetic acid,
HI-§, 1,1'-methylene-bis (4-(hydroxyiminoasthy!) pyridinium] dichloride
(M8-d), acetic acid, labels, plastic-backed absordent paper, browe paper,
and wiping tissues.

Equioment: Freezer, refrigerator, first aid kit, plastic-bicked, squirt
dotties, beakers, bottles, maxi-viils, pipettes, pipette bulbs, laboratory
coat, prolictive eyewear, spatula, stainless-steel pans, glass stir rods,
syringes, naedles, forceps, and lates gloves.

Hazar4s !nvolved:

1. Solients and Chemicals: The solvents and chemicals used in thig S0P
Mdy ndve Nazarls dssocCiated with their use. The Material Safety Data

,tPF?a:vEg
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Sheets (MSJS) are available in the acdministrative area of the MREF or
through 3attelle’'s Safety Services Uepartaent at 505 King Avenue.

F. Proceduyres:

1. Hood Set Uo: The cparation hood area must be prepared with all
materials necessary to perform the operation prior to starting the
operation. All materials will be kept behind the 8-inch line in the

hood.

Plastic-backed, absorbent paper must be used to protect the work
surface of the hood. ,

2. Solution Presaration:

3. Mobile Phase Buffer: Accurately weigh 4.1 2 0.01 ¢
1-hepianesulfonic acid, and 17.3 £ 0.01 g potassium phosphate
dibasic onto -cighinq paper. Quantitatively transfer each
chemical into a 2-4 volumetric flask containing approximately
1500 =t aillipore water. Deliver 2.81 sL = 0.01 of triethylamine
(using a 5000-sL gas-tight syringe) to the resulting solution and
mi. ~210. Adjuss the pH cf the salution to 4.1 2 0.1 with 3lacial
acetic acid (approximately 28 aL). Mix well and dilute to volume
with millipore water. Filter through a 0.45 xa filter.

b. 20.0 mg/mi MB-4 Stock Solution: Weigh 100 2 1.0 ag of neat
MB-3 17 4 weighing dish. Quantitatively transfer the weighed
material into a 5-st volvaetric flask csataining i praximately
2-aL millipore water. Vortex mix the solutiocs and dilute to
;o:?uc with miliipore water. Stock solution must be made uu fresh

aily. :

Cc. Mobile Phase Di.yent with Mm8-4 [nternal Standard: Accurately
measure and dizpense 125 aL 8.4 stock solution at 20.0 mg/mi
{using a 250 L gas-ti?ht syringe) into a 100-aL volumetric flask
containing approximately SO alL modile phase buffer. Mix well.
Dilute to volume with robile phase buffer. Mix resulting solution
again, ladel and store ‘n refrigerator until use.

d. 10.0 mg/mL HI-§ Stock Solution: Accurately -oi?h 100.0 »g 1
1.0 mg of Hi-6 on weighing paper. (Quantitatively transfer the
“’-6 into a 10 mL volumetric flask containing approximately S mL
millipore water. Mix ~ell until dissolved. Oilute to volume with
millipore water and ™1z again. Stock solution must be made up
fresn daily,

e. Mobrle Pmase Oiluent with HI-§ internal Standard: Accurately
measure ang dispense 1,110 4L of the HI-6 stock solution at

-
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10.C mg/mL (using a 1,250 sL gas-tight syringe) into a 100-mi
volumetric flask containing approximately SO mL mobile phase
buffer. Mix well, Oilute to volume with mobile phasa buffer.
Mix resylting solution again, label and store in refrigerator
until use.

HI-6 Standards: (Must be made up fresh daily.)

(1) 100 u4g/mL KI-6 Standard: Into a 10 mL volumetric flask
containing approximately § mL of the mobile phase diluent
spiked with MMB-3 (G.3.c.), daliver 100 41 of the 10 mg/mL
HI-6 stock solution (using @ 100 8 1 gas-tight syringe). Mix
well and dilute to volume with mobile phase diluent.

(2) S0 ug/mL HI-6 Standard: Into a 10-mL volumetric flask
containing approximately 5 ml of the mobile phase diluent
spiked with MM8-4, deliver 50 sl of the 10 mg/mL HI-§ stock
prepared in Section G.3.d. (using a 50 uL gas-tight syringe).
Mix well and dilute to volume with mobile phase diluent. Mix
on 3 vortex mixer,

(3) 25 ug/mL HI-6 Standard: Into a 10 mL volumetric flask
containing approximately § mL of the mobile phase diluent
spiked with MM8-3, deliver 25 oL of the 10 mg/mL HI-6 stock
prepared in Section G.3.d. {using a 25 uL gas-tight syringe).
Miz well and dilute to volume with mobile phase dilvent. Mix

" on a vorgex mixer,

(3) 10 pg/mL HI-6 Standard: [nto a 10-mi volumetric fiask
containing approximately 5 m{ of the mobile phase diluent
spiked with MMB-4, deliver 10 gL of the 10 mg/mL HI-6 stock
prepared in Section G.3.d. (using a 10 uL gas-tight syringe).
Mix well and dilute to volume with mobile phase diluent. Mix
on a vortex mixer, ' '

(5) Blank: The mobile phase diluent prepared in G.3.c. is used
as the HI-6 blank.

MMB-4 Standards: (Must be made up fresh daily.)

(1) 100 zg/mL MMB.4 Standard: Into a 10 mL volumetric flask
containing approximately § ol of the mobile phase diluent
sciked with 41-6 (G.J.e.), deliver 50 4L of the 20 mg/mL
MMB-4 stcock solution (using a 50 ul gas-tight syringe). Mix
well and dilute to volume with mobile phase diluent,

(2) <0 Ag/mL MM8.3 Stindard: Inta a 10-mL volumetric flask
gontaining approximately § mL of the mobile phase diluent
spiked with HI-5, deliver 25 4L of the 20 mg/mL MM3-4 stock
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prepared in Section G.3.d4. (using a 25 4L gas-tight 4yringe).
Mix well and dilute to volume with mobile phase diluent. Mix
on a vorlex mixer.

20 ug/mL MMB-3 Standard: Into & 10-mL volumetric flask
containing approximately 5 mL of the mobile phase diluent
spiked with Hl[-6 prepared in Section F.2.e., deliver 10 4L of
the 20 mg/miL MM8-3 stock prepared in Secticn F.2.d. (using 3
10 4L gas-tight syringe). Mix well and dilute to volume with
mobile phase diluent. Mix on a vortex mizer.

10 sg/at MM8-3 Standard: [nto 2 10-mL volumetric flask
containing approximately 5 mL of the mobile phase diluent
spiked with H[-§, deliver 5 4L of the 20 mg/aL MM8-3 stock
prepared in Section G.3.d. (using a 10 4L gas-tight syringe).

Mix well and dilute to volume with mobile phase diluent. Mix

on a vortex mixger.

8lank: The mobile phase diluent prepared in F.2.e is used
as the MM8-3 blank. :

Equioment Preparation:

b.

Instrument Preparation: The HPLC is prepared for use with the
following reccmmended initial settings and conditions. These

settings and conditions are to be optimized by th2 cperator prior

to instrument calibration and sarple analysis.

(1)

(2

(3)

(4)
(5)

(6)

Column - 15 ca x 4.6 mm inside diameter (1.0.) Zorbax LC-8
with § um partial size or equivalent, ‘

Guard Column « 2 ca x 4.6 mm [.2. Zorbax LC-3 with § um
partial size.

Mobile Phase: 80 percent buffer (see Section F.2.3)
15 percent Acetcnitrile:Isopropanol (80:20)

5 percent spectroscopic grade methyl alcohol.

Mcbile Phase Flow Rate: 1.5 mL/min,

Injection Volume: 100 uL volume for WI-6.
30 4L volume for MM8-4.

Petector [ntegration Wavelength: 304 nm.

Column Conditicning: The column needs approximately 45 min of
mebile phase canditioning before it can be used ta analyze
samples. This conditioning is required so the staticnary phasa
can equilibrate wilh the ion-pair reagent in the mobile phase.
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¢. Column Check: the afficiency of the carcmasograpnic system ause
be cnecked Sefore samples are analyzed. To determine this a
25 43/mL HE-3 standard is amalyzed and the resolution and jeak
snape for each analyte peax, Hl-6 an¢ MMB-d is determined. when
reduccion in column performince is observed, the column and or
gquard column must either be cleaned or replaced. The guard column
should always be replaced and conditioned without the analytical
column in position to 4void contamination of the analytical
column.

Dilution of Samnles: Samples are diluted in the mobile phase dSuffer.

Sampies having mign concentrations of HI-6 or MM3-d must be sonicated
to insure csmplete solvation of the material, due to limited
solubility of these materials in aqueous solvents, prior to performing
diluticns. The expected concentration of each sample is adjusted to
within the working calibration range. Whan sample size parmits all
samples will be diluted using volumetric glassware. when sample size
is limited dilutions must be performed using analytical syringes.
Before the samples are dilyted, the volume of the stock solution
prepared in either F.2.5. or F.2.d. must be calculated and added to
the sample dilution scheme. The final concentration o¢f the internal
:tandard in the samples will be either 111 ug/mL for HI-6 ar 25 ug/mL
or MMB-d,

Instrument Calibration: Instrusment calibration must be performed each
time quantitation of samples is required. The instrusent calibration

~is performed by injecting the analytical standards prenared ia Section

F.2.f. and F.2.3. A ccmplete set of analytical standards is aralyzaq
prior to anaiysis of any samples. Once the initial calibration and
standards have been analyzed and the linearity confirmed, the sample
may begin with at least every sixth sample injected being an
analytical standard or blank to check the performance of the
instrument. A complete set of analytical standards is analyzed
following the fast sample. All analytical standards analyzed are used
to develop a complete calibration curve for quantitation of the
samples. No sample amount may be reported that exceeds the range of
the analytical stancards. Samples that yield responses less than the
calibration range ~ill be resorzed as less then e lower quantitation
limit. Any sample response that exceeds the largest analytical
standard will be reported as greater than the highest analytical
standard, and must Be either diluted to within range or the
calibration range extended for quantification of the sample.

Analvsis 2f inalvtical 8lank: The appropriate analytical blank
prepared 1a section r.l.r.3 4. and F.2.9.3. is analyzed to determine
the quality of the reagents used, ind to letermine 1f ke presanca of
satple matrix cocmgenents interfare 4ith the analysis tethod.
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7. Analvs's of Samples: Samples and calibration standards are analyzed
usinj tne procedures described in Section F.5. At least every sixth
analysis should be a analytical standarg or blank.

8. Calculations: The sample amounts are calculated using an internal
standard method of calibration. The calibration data is analyzed
using a linear regression model to estimate the parameter vaiues for

the model.

a. Using a simple linear regression projram, enter the peak area
ratio of HI-6 to MMB-4 as the ordinate (y-value) and the
corresponding standard concentration as the abscissa (x-value).
The regression model used to generate the slope, intercept, and
correlation coefficient for HI-§ in the calibration data is:

ysbx +a
b. If a regression program is not available, program the following

calculations:

((zy) (zx') - (2x) (2xy) ]

" Tl -]

{n(Lxy)-(£x) (£y)]

" (e -]
. [n(Zxy)-(2x) (Ly)]-

[(n(zxt)-(2x)1) Hns (y2) - (2y)1) 1)

where,

I BE BN s o L2 L

= ax + b

= glope

s y-intercept

= correlation coefficien:

= analyte peak area/Internal standard peak area
s analyte amount in ug/mi

s number of replicates

XN YT

c. All data points obtained from the analysis of the analytical
standards are used to calculate the regression model estimates.
In acdition the percent relative standard deviation (%RSD) Detween
replicate standards should be monitored to insure that the
instrument response does not change excessively during analysis.

'APPROVED
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The %RS) for any set of analytical standards should nct be greater
than 10 percent. If the %RSD for any set is greater than

10 percent, the analysis is stopped and the problem corrected
prior to resuming analyses. 0o not include the results of the
analytical blank analyses in the calibration calculations as this
will weigh the regression toward zero.

d. [ldentify the analyte ind internal standard peaks in the unknown
sample chromatograms and record each peak area. The ratio of the
analyte vs the internal standard is calculated and the value
recorded. Using the ression values calculated from the
calibration data, calculate the found concentration for each
sample using the formula above.

must be Cleaned to remove proteins and peptides adhering to the
stationary phase. This is accomplished by flushing the column with a
series of solvents over a period of time. The sequence recommended
for this clean-up is: '

Millipore water at 1.5 sl/ain for 560 min.
ACN at 1.5 mt/min for 10 ain.
IPA at 1.0 atl/min 10 ain.

1

o

I 9. Columm Clean-Up: After each set of samples are analyzed, the collumn.
l 50:50 IPA/chloroform rasped program

" 1.5 mt/min « 2.0 a./mn in 10 ain
I « 2.0 s/min for S0 min

IPA at 1.5 al/min for § ain.
ACN at 1.3 ml/min for 10 min.

10. Instrument Shut-Ocwn: When the instrument is not to be used for
extended periods of time, the system must be shut down following
manufacturer's instructions to ensure column life and instrument
stability. The column clean-up procedure (Section G.10) is followed
and the cslumn is stored with 100 percent ACN wetting the stationary
phase. The column must be tightly capped during storage to prevent
solvent evaporation. The column must never be stored with buffer

I remaining on the support.

G. Emergencv Procecures: All personnel involved in the HML or MREF
laporatory operations, must be familiar with the respective laboratory's
FSSP, and the emergency procedures detailed within this document. Al)
personnel involved in the King Avenue operation must be familiar with HEG
H/SP B8-01 and the emergency procedures detailed within this document.
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H. First Aid Prycedures: first aid and self aid at the MREF and HML are to

e

c

gncucteq as specified in the FSSP.
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APPENDIX C

INDIVIDUAL ANIMAL PATHOLOGY QATA




Avimal No. 89-1346
Necrcpsy Data:  3/24/60
Grecup: HI-5 Treatment Efficacy

Dose: 13.0 43/x3 GD

Necropsy Results: Heart, epicardial surface:

Histcpathology Results: Not applicable.

hemorrhage, minimal,

Animal No. 83-1368
Necropsy Date: 6/12/90
Grcup: HI-6 Treatment Efficacy

Doseé: 32.0 wg/kg GD

Necropsy Results: Lung, multiple lobes: hemorrhage/congestion, mild

Comment: M.nimal yellow-green foam in bronchi; this monkey may have aspirated
some stomach contents as & terminal event. Stomach very distended

with yellow/green fluid.

Histopathology Results: Not applicable.

Animal No. 89-1572

Necropsy Date: 6/13/90

Group: HI-6 Treatment Efficacy

Dose: 42.1 ug/kg GD

Necropsy Results: No gross lesions found.

Histopathology Results: Not applicabdle.
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Anizmal No. 8§9-1335

Necrcesy Latas 3/13/°0

Group: HI-B Treatment Efficacy

Dose: 34.7 u9/kg GO |

Necropsy Results: Liver: adhesions, fibrous, minimal.

Histopathology Results: Not applicable

Animal No. 89-1333

Necropsy Date: 6/13/50

Group: HI-6 Treatment Efficacy

Dose: 28.4 u9/kg GO

Necropsy Results: No gross lesions found.

Histopathology Results: Not applicable.

Animal No. 89-1591

Necropsy Date: 4/21/90

Group: HI-6 Treatment Efficacy

Dcse: 18.3 ug/kg GO

Necropsy Results: No gross lesions found.

Histopathology Results: Not applicable.
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Animal No. 89-1632

Necrepsy late: 4/23/90

Greup: HI-6 Treatment Efficacy

Ocse:  25.9 wg/kg GD

Necropsy Results: Brain, subdural: hemorrhage, moderate
Ccvment: Subdural hemorrhage presumably associated with trauma/convulsions.
Heart, epicardial surface: hemorrhage, minimal

Histspatholcgy Results: MNot applicable.

Animal No. 89-1604

Necropsy Date: 43/19/90

Group: HI-6 Treatment Efficacy

Dose: 30.1 ug/kg GD ’

Necropsy Results: Heart, epicardial surface: hemorrhage, minimal

Histopathology Results: Not applicable.

Animal No. 89-1618

Necropsy Date: 4/19/90

Greup: HI-6 Treatment Efficacy

Dose: 134.7 ug/kg GD

Necropsy Results: No gross lesions found.

Histopathology Results: Not applicable.
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Animal No. 89-1632

Necrossy Data: 3/13/90

Graup: HKI-6 Treatment Efficacy

Dose: 25.1 ag/kg GO

Necropsy Results: Nc gross lesions found.

Histopathology Results: Not applicable.

Animal No. §3-1600

Necrcpsy Date: 6/13/90

Group: HI-6 Treatment Efficacy

Dose: 21.5 wg/kg GO

Necropsy Results: Testis, right: aplasia
Comment: [ncidentai to GD exposure.

Histopathology Results: Not applicable.

Animal No. 39-1536

Necrobsy Date: 4/17/90

Group: MMvB-3 Treatment Efficacy

Dose: 11.0 ug/kg GD

Necropsy Results: No gross lesions found.

Histopathology Results: Not applicable.
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Animal No. 89-1552

Necropsy Date: 4/17/90

Group: MMB-d Treatment Efficacy

Dose: 15.7 ug/kg GD '
Necropsy Results: Skeletal muscle, temporalis: hemorrhage
Comment: Compatible with convulsion-associated trauma.

Skin, lips: wulcers, multiple, subacute

fcrment: Possible ruptured vesicles; believed to be viral in etiology and

incicental to GD exposure.

Histcpathology Results: Not appliéabIe.

Animal Ko. 89-1566

Necropsy Date: 5/23/90

Group: MMB-4 Treaument Efficacy

Dose: 9.3 ug/kg GO

Necropsy Results: Mo gross lesions found.

Histopathology Results: Not applicable.

Animal No. 89-1584

Necrépsy Date: 4/26/90

Group: MMB-4 Treatment Efficacy
Dose: 8.4 ug/kg GD

Necropsy Results: Heart, L & R ventricles, epicardial surface:

ecchymotic, multifocel, mild

Histopathology Results: Not applicable.

hemorrhage,
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Animal No. 39-1520

Nacroosy Date: 3/17/50

Groug: MM3.3 Treasment Efficacy

Cos2: 29.8 xg/kg GD

Necropsy Results: Skin, lips: crusts, multiple

Ccmment: Appear to be healing vesicles, interpreted to be viral-induced.

Histopathology Results: Not applicable.

Animal No. 89-1623

Necrcpsy Date: 3/23/90

Group: MMB-3 Treatment Efficacy

Dose: 12.8 wq9,kg GD,

Necropsy Results: Skeletal muscle, L temporalis: hemorrhaje

Comment: Hemorrhage presumably related to trauma associated with convulsions.

Histopathnlogy Results: Not applicadbie.

Animal No. 89-1634

Necropsy Date: 4/24/%0

Group: MM3.3 Treatment Efficacy

Dose: 9.7 ug/kg GD

Necropsy Results: No gross lesions found.

Histupathology Results: Not applicable.




Aninal No. 89-1600

Necrcpsy Cate: 6/13,/60

Greup:  LC;,

Dose: 4.5 ug/kg GD

Necropsy Results: No gross lesions frund.

Histopathology Results:
Eye - no significant lesion (nsl)
Brain - neuronal necrosis, mild to severe
(frontal, enturrhinal and parietal csrtex, amvgdaloid, higcccampus,
thalamus, olfactory bulb) -
Pituitary - nsl
Spinal Cord - nsl
Sciatic Nerve - nsl
Brachial Plexus - nsl
Ulnar Nerve - ns!
Radial Merve - nsli
Phrenic Nerve - nsl :
Adrena! Glands - mineralization, minimal
Liver - ns)
Kidneys - nsl
Lung - nsl (lung mite pigment noted)
[leum - nsl
Stomach - nsl
Dizphragm - nsl
Biceps Muscle - myofibril degeneration and necrosis, multifocal, minimal
Common Digital Extensor Myscle - nsl
Heart - myocvte dezgeneration, minimai

Animal No. 89-1540

Necropsy Date: 3/22/90

Group: LD,

Oose: 7.0 wg/kg GO

Necropsy esult.: No gross lesions found.

Histcpathology Results: Mot applicable.
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Animal No. 89-1573

Nezreasy Date: 6/13/¢0

Sroupr L2y

Qose: 6.8 xzg/xg GD

Mecropsy Results: Skeletal muscle, R t-mporalis: hemorrhage, acute, mild
Comment: Compatible with traumatic injury during convulsions.

Histopathology Results: Not applicable.

Animal Mo. §9-1332

Necrcpsy Date: 6/15/90

Group: LDy

Dose: 3.9 xg/kg GD

Necropsy Resuits: No gross lesions found.

Histcpatholagy Results:

Eye - no significant lesion (ns?)

Brain - neuronal necrosis, minimal to moderate
(frontal, entorrhinal and parietal cortex, amygdaloid, caudate,
hippocampus, thalamus, midbrain)

Pituitary - nsl

Spinal {ord - as)

Sciatic Nerve - nsl

Brachial Plexuz - nsl

Ulnar Nerve - nsl

Radial Nerve - ns)

Phreni¢ iderve - nsl

Adrenal Glands - nsl

Liver - fatty change, mild, diffuse

Kidaeys - nsl

Lung - nsl

Ileum - ns?

Stomach - nsl

Diaphragn - no section available for micro exam

8iceps Muscle - nsl

Ccmmon Digital Extensor Muscle - myofibril degeneration and necrosis,
focal, minimal

Heart - nsi
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aninal No. 839-162%

necropsy Date: 3/28/90

Group: LDy,
Cose: 6.0 xg/kg GO

Necropsy Results:
Brain, meninges: congastion, diffuse
Heart, epicardial surface: congestion, diffuse
l.ung: adhesions, multiple
Thymus: hemorrhage, petechial, multiple

Histopatholugy Results: Not applicable.

Aniimai No; 89-1638

Necropsy Date: 6/15/90

Group: LD

Dose: 5.0 ug/kg GD

Necropsy Results: No gross lesions found.

Histopathology Results:

Eye - no significant lesion (nsl)

Brain - neuronal necrosis, minimal to moderate
(frontal, entorrhinal and parietal cortex, amygdaloid, hippocampus,
thalamus, pons, olfactory bulb) :

Pituitary - nsl

Spinal Cord - nsl

Sciatic Nerve - nsl

Brachial Plexus - nsl

UTnar Nerve - nsi

Radial Nerve - nsl

Phrenic Nerve - nsl

Adrenal Glands - nsl

Liver - fatty change, minimal, diffuse

Kidneys - tubular necrosis, multitocal, mild

Lung - nsl

[Teum - nsl

Stemach - nsl .

Diaphragm - no section available for micro exam

Biceps Muscle - myofibril degeneration and necrosis, multifocal, minimal

Common Digital Extensor Muscle - myofibril degeneration and necrcsis,
disseminated, moderate

Heart - nsl
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Animal No. 89-1640

Necropsy Date: 3/20/%0

Group: LDy

Dose: 8.8 s9/kg GD

Necropsy Results: No significant lesions found.

Note: Bruise over L eyebrow and R temporalis muscle compatible with
incidental trauma of convulsions.

Histopathclogy Results: Not applicable.
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